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INTRODUCTION

The Discrete Network Simulation (DNS) system is based on simulation and analysis
techniques developed for the Atlas Weapon System under government and corporate
sponsorship. The total technique as applied to the Atlas Weapon System was called
FASTI, Fast Access to System Technical Information. This study uses the Discrete
Network Simulation portion with a modified version of the documentation and retrieval
process. Digital computer programs are used to simulate discrete networks in less
than real time. These programs were developed by GD/A and then incorporated into
the FASTI system. |

The prime purpose of Discrete Network Simulation methodology is to provide
a set of analytical tools capable of conducting thorough, accurate and rapid analysis
of complex systems. The methodology consists basically of:

A system network model.
A set of computer programs which will operate and activate the model.

These programs provide a realistic analysis and prediction of system perfor-
mance before or after the hardware system is constructed. It is another form of
testing; the results are as valid as those obtained by the more common hardware test
procedures.

The Discrete Network Simulator (DNS) chronologically simulates events occur-
ring due to the interactions among elements in a system network. Each "event," a
Boolean change of state, is the result of a logical cause and effect relationship among
elements in the system. The system modeled for the simulation may be a switching
circuit, man/machine interaction, or any network where the component or subcom-
ponent interrelations may be defined logically.

Convair is conducting a study under NASA Contract NAS8-20016, which applies
the Discrete Network Simulation techniques to the Saturn SIC Engine Cutoff System
networks. This report summarizes the results of Phase I and consists of three (3)
volumes.
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Volume One describes the methodology for constructing a DNS model.

Volume Two describes the DNS computer programs to the "Programmer.' It
is the "Users Reference Manual" for DNS,

Volume Three summarizes the study of the SIC Engine Cutoff System. The
DNS Model and examples of the system simulation are described.
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. THE PROBLEM

PROVIDE A MEANS OF SIMULATING THE BEHAVIOR OF ELECTRICAL SWITCHING
CIRCULTS IN TIME AS A FUNCTION OF COMPONENT CHANGE OF STATE ON A GO=NOGO
BASIS. WITHIN THE SIMULATION PROCEDURE PROVISION IS TO BE MADE FOR THE
INSERTIUN OF MALFUNCTIONS IN ORDER TO DETERMINE THE EFFECT OF THE MALFUNCTION
On THE SYSTEM OR NETWORK BEING SIMULATED. TIMING IS TO BE ASYNCHRONOUS.

EXPANSION OF THE PROUBLEM STATEMENT ADDS THE REQUIREMENT THAT THE
COMPUTER PROCELURES BE ABLE TO HANDLE MORE GENERALIZED SITUATIONS,
SPECIFICALLY TO BE ABLE TO SIMULATE ANY SYSTEM SUSCEPTIBLE TO CAUSE=-EFFECT
SYSTEMS ANALYSIS AND DESCRIBABLE AS A DEPENDENCY NETWORK OR GRAPH,.
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THE SOLUTION

DISCKETE NETWORK SYSTEM SIMULATTION

DISCRETE NETWORK SYSTEM SIMULATION (OR DNS) IS A METHOD OF SIMULATING
THE FUNCTIONAL BeHAVIOR (IN GO=NOGO TERMS) OF
A SET OF INTERCONNECTED ELEMENTS OR COMPONENTS IN A
NETWOKKs» WHICH 15 DESCRIBED BY
LOGIC EQUATIONS AND
TIME PARAMETERS ASSOCIATED WITH EACH ELEMENT,

THE NETWORK OR SYSTEM IS DeSCRIBED BY LOGIC EQUATIONS WHOSE PRINCIPAL
OPERATOKS ARE THE BOOLEAN OPERATIONS OF AND REPRESENTED BY *»
OR REPRESENTED BY +»
NOT REPRESENTED BY /»
THE ELEMENTS OF wHICH ARE VARIABLES WHOSE VALUE REPRESENTS ITS CURRENT
STATE. MODEL UEHAVIOR IS [HEN DEFINED AS A SERIES OF STATE CHANGES. THESE
CHANGLS ARE EFFECTS RESULTING FRUM A PREVIQUS CHANGE OQF STATE.

IN AUDITION TO THE LOGIC EWUATIONS: DEFINING THE CAUSE-EFFECT
RELATLIONS OF THE SYSTEM, A SET OF REACTION TIMES FOR EACH VARIABLE ARE
REQUIKEU. THE RESPONSE TIMES ARE ESSENTIALLY THE TIME REQUIRED FOR A
VARIALLE TO GO FrOM A QUIET STATE TO AN ACTIVE STATE=-CALLED PICK UP TIME.»

UR TO GO FROM AN ACTIVE STATE TO A QUIET STATE=-CALLED DROP OUT TIME,

THE LOGIC EQUATIONS AND THE RESPONSE TIMES CONSTITUTE THE MOODEL
WHICH IS LOADEL INTO A DIGITAL COMPUTER ALONG WITH THE SIMULATION PROGKAM,
INPUTS TO THE ENS SIMULATION PROGRAM SIMULATE STARTING ACTIONS: SUCH AS
THE FLIPPING OF A LIGHT SwITCH TO TURN ON THE LIGHTS,., THESE INPUTS: OFTEN
CALLED ACTIVITY INPUTSe ARE THE FORCING FUNCTIONS CAUSING MODEL CAUSE-EFFECT
EVALUATION TO TAKE PLACE. EACH ACTION AND REACTION IS PRINTED OUT AS IT
OCCURS IN ITS FROPER PLACE IN TIME, THIS PRINT OQUT IS CALLED THE SIMULATION
HISTORY, SINCE EACH ELEMENT HAS A STATE, IT IS USEFUL TO SEE THE STATES OF
ALL THE VARIAGLES EITHER AT SPECIFIED TIMES IN THE HISTORY OR AT THAT POINT
WHEN THERE IS MO FURTHER ACTION, wHEN EITHER OF THESE OPTIONS ARE REQUESTED

THE PROGRAM PKRINTS QUT A LIST OF ALL VARIABLE NAMES AND THEIR CORRESPONDING
STATES,
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SOLUTIUN IMPLEMENTATION

THE BASIC VEHICLES IMPLEMENTING DNS SIMULATION ARE TWO DIGITAL
COMPUTER PROGRAMS wRITTEN FOR AN IBM 7090 DIGITAL COMPUTER. (THESE PrROGRAMS
wILL ALSO RUN ON AN IBM 7u94 AND THE IBM DCS (7044=-7094)), THE FIRST PROGKRAM
PROCESSES AND CONVERTS A DESCRIPTION OF THE SYSTEM MODEL IMNTO A COMPUTER
ASSIMILABLE FORM, THIS IS PRIMARILY A MATTER OF PRACTICALITY WHICH ALLOWS
THE BEHAVIOR OF THE MODEL 70 BE SIMULATED MANY TIMES wHILE GOING THROUGH THE
MUDEL CONVERSION PROCESS ONLY ONCE. THE SECOND PROGRAM IS THE SIMULATION
PROGKAM WHICH LOADS THE CONVERTED MODEL INTO MEMORY,» READS THE ACTIVITY
INPUTS, RESPONLS TO THE INPUTS BY EVALUATING YHE PROPER EQUATIONS, AND
PRINTS OUT A HISTORY OF THE CAUSE-EFFECT RESPONSES.

THE FIRST PROGRAM IS CALLED THE ONS PRIPROCZSSORs AND THE SECOND IS
CALLEU THE DNS SIMULATION PROGRAM, BASIC INPUTS TO THE ONS PREPROCESSOR
ARE TwQ SETS OF PUNCHED CARDSe EACH CARD COF SZT 1 CONTAINS THE VARIABLLE
NAME AND SIX RESPONSE TIMLS REPRESENTING THE MINIMUM, AVIRAGE. AND MAXIMUM
PICK UP AND DRCP QUY TIMeS OF EACH VARTABLE, ‘ON CALL TAE SIMULATION PROGRAM
WILL SELECT ONE OF THESE TIMES FUR PICK UP AND ONE FOR DROP OUT RESPUNSE
TIMES.) ThE CARDS OF SET ¢ WILL CONTAIN THE LOGIC EQUATIONS DESCRIBING
THE PrYSICAL INTERUEPENUENCIES. £XECUTION OF THE PREPRGIZISOR WILL CAUSE

1, ST 1 (CALLED NAME AND TIME CARDS) TO BE READ Iy SNPUT
2. THe NANMES PUT I A NAME TABLE, ZXEZCUTION
S. EACH TIME CONVERTED TO BINARY AND EXZCUTION
4, PUT INTO ITS APPKROPRIATE TIME TARLE, EXECUTION
b, THE NAME TABLE STOReD ON MAGNETIC TAPEs OUTPUT
6, THE SIX TIME TABLES STORED ON MAGNETIC TAPE, QUTPUT
7. SET 2 (CALLED EQUATLION CARDS) ARE READ IN, INPUT
8, THE EQUATIUNS ARE CODED AND STORED IN THE EGWUATION
TABLE» EXECUTION
J. THt EQUATICON TABLE IS STORED ON TAPE:s OUTPUT
10, WEFERENCEL TABLES Axt CREATED FOR VARIABLE LOOK uP EXECUTION
IN SIMULATION (IN ORDER THAT ONLY THOSE EQUATIONS
ARE REFEFENCED wHICH ARE THE EFFECTS OF A PARTICULAR
VARIABLE) »
11, THE REFEFENCE TAGLES ARE STORED ON TAPEs QUTPUT
¥12, NAMES SYNONYM OR DICTIONARY CARDS “(1F PRESENT) INPUT
ARE REAL InN,
*¥13, DICTIONAKY CARDS ARL STORED ON TAPE, QUTPUT

14, PROGRAM EXITS FROM THE COMPUTER.,

STEPS 12 AnD 13 ARE NOT REGQUIRED AND ARE USED ONLY IF A SPECIAL
METHOU OF OQUTPUT CALLED TKRANSLATION IS TO BE USED DURING SIMULATION,
THIS wILL BE DISCUSSED LATER.

THE TABLES AKE STORED ON A MAGNETIC TAPE CALLED THE *BINARY MODEL TAPE
IN ADUITIOWN TO THE ®INARY MODEL TAPEs EACH DATA CARD IS PRINTED AND FOk ANY

0G4
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ERROKRS ENCOUNTERED wHILE PROCESSING THAT CARD AN ERROR MESSAGE wILL BE
PRINTED.

BASIC INPUTS TO THE SIMULATION PROGRAM ARE SIMULATION CONTROL CARDS
AND ACTIVITY 1INPUTS, THE CONTROL CARDS ARE USED TO SPECIFY OUTPUT FORMATS)
CASE CONTROL» AND SIMULATION OPTIONS, THE ACTIVITY INPUTS SPECIFY THE
INITIAL CAUSING EVENTSe FURCING FUNCTIONS, AND/OR MALFUNCTIONS OR
DEVIATIONS FROM NORMAL PROCESSING., THE BASIC OUTPUTS ARE THE SIMULATION
HISTORY AND REGUESTED STATE LISTS.

IN GENERAL EXECUTION OF THE DNS SIMULATOR PROGRAM WILL CAUSE...

1, THE INPUTS AKRE READ AND CONVERTED TO MACHINE ASSIMILABLE FORM
WHILE BEING CHECKED FOR ERRORS, (EXECUTION IS HALTED IF ERRORS ARE
FOUND, )
2. THE CONVERTED INPUTS ARE READ IN AND PROCESSED ONE AT A TIME IN THREE
STEPSs e
STEP A, THt PROLOGUE CARDS ARE READ,
THESE CARDS GIVE THE PROGRAM INFORMATION TO ENABLE IT TO
PREPARE FOR SIMULATION, FOR EXAMPLE, THE MOQODEL IS CALLED
FOR AND STORED IN COMPUTER MEMORYes FORMATS FOR OUTPUT
ARE ESTApLISHED, ETC,
STEP P, DATA CARUS ARE READ IN UNTIL A CASE END IS DETECTED
(1IN wHICrH CASE GO TO 3,) OR UNTIL
STEP C. A TERMINATION CARD (SIMULATION END OF DATA CARD) IS
ENCOUNTEREDe IN wHICH CASE THE SIMULATION IS ENDED,
3+ A CASE IS PROCESSED AS FOLLUWS,,.
STEP A, ALL DATA INPUTS FOR THE CASE ARE PUT IN AN ACTION TABLE.
STEP ks THE ACTIUN TABLE IS SEARCHED FOR THE EARLIEST OCCURRING
EVENT IN TIME (IF SEVERAL EVENTS ARE ENCOUNTERED WHICH
ACT AT THE SAME TIME THE FIRST ENCOUNTERED IS SELECTED).
STEP C. THE EVENT COMPQOSED OF VARIABLE NAMEs STATE,» AND TIMt
IS CHECKED TO SEE IF IT IS LEGAL (THIS STEP IS BYPASSED
1F THE EVENT IS AN INPUT)» IF NOT RETURN TO STEP B,
STEP [y THE STATE OF THE VARIABLE IS SET IN THE VALUE TABLE
AND THE tVENT (NAME., STATE, AND TIME) IS PRINTED OuT.
STEP t, THE REFERENCE TASLES ARE USED TO LOCATE ALL EQUATIUNS
IN WHICH THIS EVENT CAN CAUSE A REACTION (I.E,» THIS
VARTIABLE NAME OCCURS ON THE RIGHT HAND SIDE OF THE
EQUAL SIuN IN AN EQUATION), IF NONE GO TO STEP I,
STEP F, EACH REFERENCED EQUATION IS EVALUATED AND IF A CHANGE
OF STATE RESULTS AN EVENT IS CREATEDy» CONSISTING OF
VARIABLE NAME» REACTION TYPE (PICK UP OR DROP 0QUT).»
NEW STATee AND PREDICTED RESPONSE TIME (CURRENT TIME
PLUS PICK yP OR DROP OUT TIME), THIS EVENT IS PUT IN
A REACTION TABLE,
STEP G, WHEN ALL REFERENCED EQUATIONS HAVE BEEN EVALUATED»
THE REAC{ION TABLE,» IF DESIRED IS PRINTED OUT. IF THERE
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ARE WO REACTIONS GO TC STEP I,
STEP he THE ACTION AND REACTION TABLES ARE MERGED.
STEP I, IF ACTIUNS REMAIN IN THE ACTION TABLE THE PROGRAM KETURNS
TO STEP B OF 3 FOR FURTHER ACTION AND BEHAVIORAL HISTORY,
) 1F NO ACTIONS REMAIN THE PROGRAM KNOWS THE CASE IS OVER
AND RETURNS TO STEP B OF 2 TO GET THE NEXT CASE.

THE USE AND NATURE OF THESE PROGRAMS IS BEST SEEN BY FOLLOWING
THROUGH THE EXAMPLE GIVEN IN THE NEXT SECTION.
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EXAMPLE OF DNS SIMULATION

CONSIDER THE FOLLOWING SIMPLE EXAMPLE BRINGING ELECTRIC POWER FROM
A POwbER STATION TO A HOUSE IN ORDER THAT A LAMP AND A RADIO CAN BE TURNED
ONe IN ORDER TC ATTACK TH1S PROBLEM THERE ARE THREE BASIC STEPS..,
I+ ANALYSIS
11, MOCEL CONSTRUCTION
11I. SIMULATION

I, ANALYSIS PROCEEDS Iiv FOUR STAGES..
A, DETERMINE THE BASIC ELEMENTS TO BE CONSIDERED,
Be ESTABLISH THE ELEMENT RELATIONSHIPS,
Co DEFINE THE TIMING REQUIREMENTS,
De DEVELOP THE FORCING FUNCTION TO DRIVE THE MODEL (IMPLIES
DEFINITION OF SIMULATOR INPUTSs AND POSSIBLY BUILDING PART
OF THE FORCING FUNCTION INTO THE MODEL» LIKE A CLOCK PULSE).,

BASIC ELEMENTS AND THEIR RELATIONSHIPS IN TERMS OF ACTIONS PERFORMED AND
CURRENT FLOW WERE CHOSEN AS FOLLOWS,.

*ENbINEER* AT THE POWER HOUSE THROWS THE *MAIN SWITCH* TO THE

(ENG) (MSWT)
*GENEKATOR* WHICH WHEN IT COMES UP TO SPEED SUPPLYING POWER TO THE
(GEN)
*POWER LINE* wHICH SUPPLIES POWER TO THE *HOUSE LINEx*x , IF THE
(PLINE) (HLINE)
HOUSE OGWNER TURNS ON TH *CIRCUIT SwWITCH%x ON THE wALL THEN *PLUG 1»
(CSWT) {(PLUGL)
TO wHICH THE RADIO IS CONNECTED WILL BE HOT» AND LIKE WISE *PLUG 2%
(PLUGZ)
TO wHICH THE LAMP IS5 CONNECTED, IF THE OWNER TURNS ON THE *SWITCH=*
(RSWT)
TO0 IHE =*RADIO* THE RAUIO WwILL PRODUCE *SOUND* AFTER A WARMUP PERIOD.
(RADIOQ) {SOUND)
IF THE OWNER TURNS ON THE *SWITCHx TO THE xLAMPx THE *BULB* WwILL
(LSWT) (LAMP) (BULB)

PROUUCE  *LIGHT* ,
(LIGHT)

A LISTING OF THE ELEMENTSs THEIR SIMULATION SYMBOLS, VARIABLE TYPES:
AND ESTIMATTD TIMING CAN ~NOW BE MADE s e

ELEMENTS SYMBOL TYPE PICK UP TIME DROP OUT
ENGINEER ENG INPUT 0 0
MALN SwITCH MSwT ELEMENT 3 SEC. (BIG SWITCH) 0
GEINERATOR GEN ELEMENT 2 MIN, (GET IT GOING) 1 MIN,
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POwER LINE PLINE QUTPUTMED 20 MSEC., (TRANSFORMER TIME) 0
HOUSE LINE HL INE ELEMENT 0 ~ 0
CIRCUIT SWITCH CSwT INPUT 0 0
PLUG 1 PLUGL OUTPUTYMED 2 SEC. (TIME TO THROW SWITCH) 0
RAVIO RADIO ELEMENT 0 0
RAUIQ SWITCH RSWT INPUT 0 0
SOUND SOUND OUTPUT 10 SECs (wWARM UP TIME) 1 SEC.
PLUG 2 PLUG2 OUTPUT/MED 2 SEC. 0
LAMP LAMP ELEMENT 0 0
LAMP SwITCH LSwT INPUT 0 0
BULB BULB CONTROL 0 0
L1GHT LIGHT OQUTPUT 100 MSEC (WARM UP TIME) 1 MSEC.,

NOTE, NO EFFORT wILL BE MADE TO DISPLAY EXACT FORMATS AS THIS IS JUST AN
EXAMPLE. FULL DETAILS WILL BE GIVEN IN LATER SECTIONS, THUS THE TIMES
GIVEN ARE ARBITRARY AND ASSUMED NORMAL. NO EFFORT IS MADE TO DEPICT
MINIMUM OR MAXIMUM PICK UP OR DROP OUT TIMES.

THE THREE DROP QuUT TIMES» AS IS O8VIOUS» ARE SIMPLY DECAY TIMES FOR THE
ELEMENTS INVOLVEDU., IT IS APPARENT FROM A QUICK LOOK AT THE TABLE ABOVEL
THAT IN THIS CASE THE WORK OF DEFINING THE FORCING FUNCTION HAS LARGELY
BEEN UONE. THE COLUMN FOR VARIABLE TYPE TELLS US wE ARE GOING TO DRIVE
THE MOUDEL WITH THE FOUR INPUTS OF ENGINEER (ENG)e» CIRCUIT SWITCH (CSWT)»
RADIO SWITCH (RSwT)» AND LAMP SWITCH (LSWT), THE FINAL RESULTS OR EFFECTS
WILL vE wHEN SOUWD OR LIGHT APPEARS, THERE ARE THREE MEDIARY ENDPOINTS:
BEYONDU WHICH FURTHER ACTION IS REGQUIRED, THESE ARE HOUSE LINE (HLINE)

TO WHICH CURRENT HAS BEEN SUPPLIEDes AND THE TWO PLUGS. ALL THREE REGWUIRE
MANUAL ACTION,

II, FOLLOWING ANALYSIS THE NEXT STEP IS TO CONSTRUCT THE MODEL 1IN

A FORM SUITABLE FOK INPUT TO THE SIMULATION PROGRAM, THE SYMBOL NAMES

AND TLIME VALUES ARE PUT ON PUNCHED CARDS IN THE FORMAT DESCRIBED IN THE

SECTIUN Oiv PREFROCESSOR DATA FORMATS, IN THIS STEP THE CRITICAL TASK IS TO

WRITE THt LOGIC LWUATIONS AND DECIDE ON THE INTERPRETATION OF THE VARIABLE

VALUES ok STATES, IN THE SAMPLE PROBLEM ONLY A TWO STATE LOGIC IS REQUIRED

AND THE SIMULATION PROGRAM WILL PKINT OUT EITHER ONE (1) OR ZERQ (0).

ONE Iiv THE SAMFLE wiLL MeEaN ACTION PERFORMED OR CURRENT AVAILABRLE,

ZERO "wilLL MEAN NO ACTION UR NO CURRENT., IN THIS MODEL ONLY TWO OPERATORS

ARE REQUIRED, THE AND (WrITTEN % ) OPERATOR WILL MEAN THAT ELEMENTS

SO CONNECTED MUST BOTH BE ONE (1) BEFORE THE CONDITION WILL BE SATISFIED.

THE OR (WRITEN + ) OPERATOR WILL MEAN THAT AT LEAST ONE OF THE ELEMENTS

SU CONNECTED MUST BE ONE (1) FOR A RESULT TO BE ONE (1), THE PUNCTUATION

USED IS AS FOLLow50.|

AN EQUAL SIGN = MEANS EVALUATE THE EXPRESSION TO THE RIGHT

AND GENERATE AN EVENT BEARING THE VARIABLE
NAME TO THE LEFT AT CURRENT TIME PLUS THE
PICK UP TIME (IF GOING FROM ¢ TO 1) OR PLUS
THE OROP OUT TIME (IF GOING FROM 1 TO 0).
IF AND ONLY 1F THE STATE OF THAT VARIABLE
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IS CHANGING, THE VARIABLE NAME TO THE LEFT
OF AN EQUAL SIGN IS CALLED A FUNCTION NAMt,
ARE USED TO DESIGNATE SPECIAL COMBINATIONS
OF VARIABLES AND OPERATORS.

A PERIOQU . TERMINATES AN EQUATION,

WITH THIS INFORMATIUN WE CAN WRITE THE MODEL EQUATIONS AS FOLLOWS...

MSWT = ENG.

GEN = MSWT,

PLINE = GEN.

HLINE = PLINE.,

PLUGL = HLINE % CSwT.
RADIO = PLUG1.

SOUND = RADIO * RSwWT.
PLUGZ = HLINE % CSwWT.
LAMP = pPLUGL.

BULB = LAMP * LSWT.

LIGHT = BULB,

THESE EQUATIONS ARE PUNCHED ON CARDS AND TOGETHER WITH THE NAME

AND TIME CARDS ARE INPUT TO THE DNS PREPROCESSOR PROGRAM,

FOLLOWS s

INPUT . e NAWE AND TIME CARDS
e o EWUATION CARDS

THE RESULY IS AS

EXECUTION, «DNS PREPROCESSOR ON IBM 7094 COMPUTER

OUTPUT « o PRINTED LIST OF INPUTS WITH ERRORS FLAGGED

IF ANY

+ oBINARY MODEL TAPE CONTAINING ALL CONVERTED
IINFORMATION AND REFERENCE TABLES

I1I, IF THERE ARE NO ERRORSe

MIGHT APFEAR AS FOLLOWS..

CcoLs.,
000000000111111111122222222223¢40s0ss
1234567890123u56789012345678904ss 00
*TITLE THIS IS A SAMPLE PROBLEM,
*LOGICAL MODE»0Q29 05, (02 AVERAGE PICK UP,
* TIME TABLES)

THE FINAL STEP IS SIMULATION,

TYPICAL INPUT

05 = AVERAGE DROPOUT

(COMMENT CARD)

*BEGIN, CASE 1 BRING UP POWER

ENG = 1 AT Use
*BEGIN, CASE 2 SET HOUSE CURRENT PLUGS HOT
CSWT = 1 AT 50M.

*BEGIN, CASE 3 TURN ON LAMP

009
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LSwT = 1 AT 51 M,

*BEGIN, CASE 4 TURN ON RADIO
RSwT = 1 AT 53 M,

*BEGIN, CASE 5 LAMP BURNS OUT,.FAILURE,
LAMF = 0 AT 5bH M,

*$$%%% JOB END CARD,

FOR PURPCSES OF ILLUSTRATION THIS SAMPLE IS BROKEN INTO FIVE CASESe
BUT COULD AS EASILY BEEN ONE CASE WITH THE VARIQUS ACTION CARDS
GATHEKED TO COMPRISE ONE CASE. THE CARDS WITH AN ASTERISK IN COLUMN 1 ARE
CALLEU CONTROL CARDS=THE REST ARE DATA,

TYPICAL FRINTED OUTPUT FROM THE COMPUTER wOULD FIRST PRINT THE INPUTS
WITH ANY ERROR MESSAGES, iIF NO ERKORS THE COMPUTER PROGRAM HISTORY PRINT
WOULD FOLLOW AND APPEAR VERY MUCH AS FOLLOWS.s.
A K o A R 3 oK ok AR R K O o A OK K A0OK 0K K o 0K Kk ok R R K K o 0K i o 3 K K 3 K ook ok ok K ok oK K ok o ook o Kok KK ok K

THIS IS A SAMPLE PROBLEM PAGE 1

*LOGICAL MODEU20ubS,
* .

TYPE DESCRIPTION VALUE NO, OF DAYS HOURS MINUTES SECONDS
EVENTS

*BEGIN, CASE 1 JRING UP POWER

INPUT £NG 1 1 «000
MSWT 1 3.000

ENTER MSWT 1 1 3,000
GENT 1 2 5,000

ENTER GENT 1 1 2 S.000
PLINE 1 2 3.020

ENTER PLINE 1 1 2 3,020
HLINE 1 < 54020

ENTER HLINE 1 1 2 3,020

20K K K A 3K KK R A K A OR K oK ok K K A R K K o R R K o K O 30K o o K s ok K ok ok oK ook o oK ok ok ok Kk ok K ok o ok K KOK K Kk K

THLIS IS A SAMPLE PROUBLEM PAGE 2
TYPE DESCRIPTION VALUE NO, OF DAYS HOURS MINUTES SECONDS
EVENTS
*BEGIiv, CASE 2 SET HOUSE PLUGS HOT
INPUT CSWT 1 1 50 «000
rLUG1L 1 50 24,000
PLUGZ 1 50 2.000
ENTER PLUGL 1 2 50 2,000
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RADIO 1 50 2,000
ENTER PLUG2 1 2 ' 50 2,000
LAMP 1 50 24000
ENTER RADIO 1 2 50 2.000
ENTER LAMP 1 1 50 2.000

A o X K K o K R K KK o K A OK A o K o K o K o K K o oK K e ok o o 4 o ook o oK ok K R o o koK oK K K K koK K

THIS IS A SAMPLE PROBLEM PAGE 3
TYPE DESCRIPTION VALUE NO, OF DAYS HOURS MINUTES SECONDS
EVENTS
*8EGIN, CASE 3 TURN ON LAMP
INPUY LSWT 1 1 51 «000
BULB 1 51 .00
ENTER BULE 1 1 51 »0u0
LIGHT 1 51 « 100
ENTER LIGHT 1 1 51 100

A A R o R K R KOK AR KR K oK K o ok KK K K K o KK KK o O o o 0K K ok ok o ok R K K o ko Kk o o oK oK ok ok ok ok K KOk kK

THIS IS A SAMPLE PROBLEM PAGE 4
TYPE LESCRIPTION VALUE NO, OF DAYS HOURS MINUTES SECONDS
EVENTS
*BEG 1IN, CASE 4 TURN ON RADIO
INPUT RSWT 1 1 53 «000
SOUND 1 53 10.000
ENTER SOUND 1 1 53 10,000

0K HOK s A o K A ok oKk 3K oK KK ok K o o K KK R R o 0OK ok o ok 3K K KK A oK K o ok K ok ok ok oK K K o o o oK o K K kK

THIS 1S A SAMPLE PROBLEM PAGE 5
TYPE DESCRIPTIUN VALUE NO, OF DAYS HOURS MINUTES SECONDS
EVENTS
*BEGIN, CASE 5 LAMP BURNS OUT, FAILURE.
INPUT L AMP ¢ 1 55 «0U0
8ULb 0 55 <000
ENTER BULE 0 1 55 «000
LIGHT o 55 0001
ENTEK LIGHT 0 1 55 0001

*$95%H JOB END CARD,

20K K o o Ak KRR AR ok K R OR K o K KK K K ok KKK K oK 3 ok KK ok KK K ok oK K o ok ok o o ok K ok K ok o o o o K K K o ok oK
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IF AT THE END OF CASE 5 A 'LIST' HAD BEEN CALLEDL» THE FOLLOWInNG OUTPUT
WOULD APPEAR. s«

*LIST AT 3su0001. NO. 1
ENG = 1,
MSWT = 1.
GEN = 1,
PLINE - 1.
HL 1E = 1,
CSWT = 1,
PLUGL = 1,
RADLO = 1,
ROWT = 1,
SOUND = 1,
PLUGE =
LAMP = 00
LowT = 1,
BuLyb = O
LIGHT = O

*END LIST.

. *ACTIUNS NO o U
*eND ACTLIONS

THe FOLLUWLNG EXPLANATORY COMMENTS ARE IN OKRDER. e

SPRINT LINES IN [HE HISTORY CONTAINING A VARIABLE NAME ARE CALLED
ACTIVITIES, THUSE ACTIVITIES WITH TEXT (SUCH AS THE WORD *INPUT' OR
TENTER' ) ARE CALLED EVENTSe» OR ACTIONS. SUCH EVENTS REPRESENT
THE tEHAVIOR OF THE MODEL. ACTIVITIES WITH NO TEXT UNDER THE *'TYPE!
COLUMN AKRE CALLELD REACTIONS, OR PREDICTED EVENTS. THESE ARE
PREVICTIUNS OF oEHAVIOR TO OCCUR AT A LATER POINT IN TIME, THEY
MAY OR MAY NOT 'COME TRUE®' DEPENDING ON THE STATE OF THE vAKIABLES
IN THE MODEL AT THt PREDICTED TIME,

+ THE NUMBER OF EVENTS CULUMN RECORDS THE NUMUER OF ACTIONS WAITING
TO Bb PRUCESSED 1IN THE ACTION TABLE» INCLUDING THE EVENT PRINTEL
OUT .

«A LIST CAN BE CALLED FOR AT ANY TIMEe. NOT JUST AT THE END OF A
CASte IF A LIST IS CALLED FOR"AT A TIME WHEN THERE ARE STILL
ACTIUNS IN THE ACTION TABLEe. THiN THE CURRENT CONTENTS OF THE
ACTION TALE IS PRINTED QUT.

3Y NOW A GENERAL FEtLING FUR THE PRUGRAMS AND THE SIMULATION CAPABILITY
SHOULD bt IN ThE READERS WRASP. THE PROGRAMS POSSESS MANY MORE OPTIONS
THE DETAILS OF WHICH wILL BE FOUND IN THE REST OF THE MANUAL.
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SUMMARY OF DNS SIMULATION

HAVING SEEN THE PRUBLEM STATEMENT.,
IMPLEMENTATIONs AND A SIMULATION EXAMPLE
SIMULATION PROCEDURE IN SUMMARY,

AND PROCEDURE FLOw.

ANALYSIS

+DEFINE VARIABLES .
o NaME .
. TIMINGs, PICK UP AND .
. DkOF 0OuT .
e« STATE (0/1) INTERPRETATION,
+DEFINE VARIABLE RELATIONS .
o IN LOGIC EQUATIONS .

0004000000000 %0000 pptgoreg

000 g 0 o000t 0o 009 0e0gtps e
o DEFINE FORCIMNG FUNCTION .
. PRESET CONUITIONS .
e« INITLIATING ACTIONS .
. EATERNAL ACTIONS .
000 o0 g 00 00 e ?® 0000090000000

e 004000000 000%00 000000 geregqen
o DBINARY MODEL TAPE .

0 00 90 g0t e®ge?®oeacgogtpr oo

EXECUTION

+ PREPROCESSOR

« PROGRAM

. ON

« 7094 COMPUTER
« (CONVERT MQODEL
« DESCRIPTION)

® ® 2 ® & o o o

e 0t ge0 g0

«SIMULATION .
« PROGRAM .
. O .
« 7094 COMPUTER
.(MODLL EVAL- .
. UATION» AND,
o EVENT TIMING).,

eses et gttty

THE SOLUATION DEFINITION, SOLUTION
IT WILL BE USEFUL TO REVIEW THE
THE FOLLOWING CHART DISPLAYS THE DATA

QUTPUT

013

Cevet et srrscreretenee
+ERROR CHECKED INPUT.

[ ] 90000000 008pteto o

¢ 090000000t 0etpOeee
+BINARY MODLL TAPE

0009 00000000000
.

.

sessese BEHAVIOR HISTORY,

]
0000 g0 00000000

veseese STATE LISTS

S0 0000000000000
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DATA DESCRIPTION, THE ONS PREPROCESSOR

DATA UECK ARRANGEMENT
THE TYPICAL DATA DECK SETUP APPEARS AS BELOWw..

00000000U1111111111222222222234404
1234567890123450789012345678904 ¢ 0 4 o

*TITLE (COLS, 7-80 OF THIS CARD IS PRINTED ON EVERY PAGE.)

* (COLS, 7-80 IS A COMMENT PRINTED AS IT OCCURS,)
*
*TIMES
NAME AND T I ME DATA CARDS
*END TIMES
*EQUAT LONS

EQUATTION DATA CARDS
*END EWUATIONS
#NAMES  (INCLUUE THE NAMES SECTION IF DESIRED.)
. N AME  DUATA CARDS
*END NAMES
*$$%%%  (END OF DATA CARD.)

AS [S APFPARENT FROM LOOKING AT THE ABOVE REPRESENTATION OF A
PREPRUCESSUR UATA DECKs THERE ARE FIVE ORDERED PAKTS TO ANY SUCH DECK,
TwO OF THESE PARTS ARE OPTIONAL,

PART 1, PROLOGUE, « TITLE AND COMMENTS (OPTIONAL)
PART 2. NAME AND TIMES,.*TIMES (REQUIRED)
NAME AND TIMES DATA
*END TIMES
PART 3, EQUATIUNS . « *EQGUATIONS (REQUIRED)

EQUATION DATA
*END EQUATIONS

PART 4, NAMES o o ¥ NANMES ({OPTIONAL)
NAMES DATA
*END NAMES

PART 5, TERMINATION,  #$5%%% (REQUIRED)

THERE ARE [wO CLASSES OF DATA FOR THE PREPROCESSOR. CONTROL CARDS
ARE DISTINGUISHELD bBY AN ASTERISK (%) IN COLUMN 1., THE OTHER CLASS OF COURSE
IS THE DATA ITSELF, IT IS KEQUIRED THAT PARTS 2, 3¢ AND 5 APPEAR IN THE
‘I’ DATA DECK WITH THE CONTROL CARDS INDICATED AS THEY APPEAR ABOVE, EACH PART
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WILL bE DISCUSSED IN TURN BELOW,

PART 1 PROLOGUE

THE TITLE AND ASSOCIATED COMMENTS ARE MERELY FOR THE CONVENIENCE
OF THE MODELER, THEY HELP TO COMMENT OR IDENTIFY THE RUN, COMMENT
CARDS MAY APPEAR ANYWHERE IN THE DATA AS WELL AS AT THE START OF
A DATA DECK, LIBERAL USE OF COMMENTS IS BENEFICIAL TO THE MODELER
AS THEY HELP TO ORGANIZE AND DOCUMENT THE MODEL.,

PART 2 NAME AND TIMES

THE NAME AND TIMe CARDS SERVE TwWO FUNCTIONS. FIRST, THE ORDER
OF THE NAMES PROVIDES THE ORDER OF THE INTERNAL CODES ASSIGNED TO
EACH VARIAbLE IN THE EQUATIONS, THIS MEANS THAT A MEANS OF GIVING
INFORMATION TO THE SIMULATOR ABOUT SETS OF VARIABLES IS POSSIBLE.
SECONDLYr THESE CARUS SPECIFY THE PICK UP AND DROP OUT RESPONSE
TIMES FUR £EVERY VARLASLE IN THE MODEL. A NAME AND TIME CARD MyUST
APPEAR FOR EVERY VARIABLE NAMED IN AN EQUATION, THE LIMIT ON THE
NUMBER OF VARIABLE NAMES IS 2600,

. DATA FORMATS ARE NAME COLS, 1= & MAY USE A=Z,0-9
TIME 1 COLS, 13-18
TIME 2 COLS, 19-24
TIME 3 COLS. 25=30
TIME 4 COLS, 37=42
TIME 5 COLS. 43-u48
TIME 6 COLS, 49-54

THE TIME TYPE CHARACTER APPEARS IN COLUMNS 13,19¢25937+43,AND 49,
ANU MUST BE ONE OF H (HOURS)»
M (MINUTES)»
OR S (SECONDS).
THE REMAINDER OF EACH FIELD Is A DECIMAL NUMBER WITH A DECIMAL
POINT ASSUMED BETWEEN THE 3RD AND 4TH COLUMNS OF EACH FIELD.,
A TYPICAL TIME CARD IS

U000000001111111111222222222233333333334444444444555555555506
123456789012345078901234567890123456789012345678901234567890

POWER S 25u0M 2000+ 1000 S 1S 500M 1500

THE NAME OF THE VAKIABLE IS 'POWER',

TIME 1 IS 2 SECONDS 500 MILLISECONDS (OR 2 1/2 SECONDS)
TIME 2 IS 2 MINUTES
: TIME 3 IS 1 HOURe
TIME 4 IS 1 MILLISECOND,
| TIME 5 IS 500 MILLISECONDS (OR 1/2 SECOND)
, TIME 6 IS 1 1/2 MINUTE.

THIS EXAMPLE POINTS UP THE FACT THAT THE TIME BASE 1S THE MILLISOND.
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IN ADDITION IF ONE OR MORE OF THE TIME FIELDS IS LEFT BLANK
THEN THE TIME VALUE FOR THAT FIELD FROM THE PREVIOUS CARD IS USED,

PAKT 3 EQUATIONS

THE EGUATIONS ARE IN THE FORM 'A = B.' ONE VARIABLE NAME APPEARS
TO THE LEFT OF THE EQUAL SIGN (=), 'B' IS AN EXPRESSIONs, AND THE
PEKIOD (e) MUST BE PRESENT TO TERMINATE THE EQUATION.

AN EXPRESSION IS ANY COMBINATION OF NAMESe» OPERATORS» AND
PARENTHESES. THE OPERATORS ARE AND =
OR +
NOT /.
THESE ARE LOGICAL OPERATORS (BOOLEAN) AND WILL BE EVALUATED
ACCORDING TO THE FOLLOWING TRUTH TABLE.e.

A B A x B A+ B /A
U 0 0 0 1
0 1 0 1 1
1 0 V) 1 0
1 1 1 1 0
. A SUM OF PRODUCTS FORM OF EVALUATION WILL BE USED IN THE SIMULATOR.

THE EQUATIONS ARE WHRITTEN IN COLUMNS 1-72 OF A CARDs» AND AS MANY
CAKDS AS NECESSARY FOR THE cQUATION MAY BE USED. COLUMNS 73~80 ARE
USED FOR IDENTIFICATION. BLANKS MAY BE FREELY USED.,

TYPICAL EXAMPLES OF EQUATIONS ARE e,

RELAY1 = COILA * VOLTzd.

B = C + D=*xA,
A= 32 + 5% (7+J).
FAIL = / GOOD.

GO = TIME =* / ((C+D) x QT + /M *N) + NOwW,
PART 4 NAMES

USE OF THIS SECTION SIMPLY CAUSES THE NAME CARDS TO BE PLACED
ONE CARD IMAGE AT A TIME IN AN ELEVENTH FILE ON THE BINARY MODEL
TAPE. REGUIRED FORMATS ARE DEFINED BY THE SIMULATION PROGRAM
TRANSLATION MODE.

NAME CATA CARD FURMAT IS 6~CHARACTER NAME IN COLS. 1- 6
SYNONYM NAME IN COLS. 13=36

{NOTE NO CHECKING OF NAMES 1S DONEs AS THIS OPTION IS INTENDED FOR
USE WITH THE DTC PROGRAM,) THE NUMBER OF NAMES IN THE NAMES DECK
NEED NOT Be THE SAME AS THE NUMBER OF TIME CARDS. .
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PAKT 5 TERMINATION

THIS PART SIMPLY CLOSES THE DATA DECK.,
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DATA DESCRIPTION, THE SIMULATOR
ACTION DATA DESCRIPTION, 4.
CONTROL CARDS ARE USED TO DETERMINE THE TYPE OF SIMULATION, THE CARDS
TO BE DESCRIBEL BELOW ARE OF SEVERAL KINDS BUT THEY HAVE THE CHARACTERISTIC
THAT THEIR EFFECT IS ON THE HISTORY AND IS IN TIME., THE DICTIONARY DATA
CARDS MODIFY VARIABLE NAMES OR AFFECT THEIR VALUES. THE ACTION COMMAND CARDS
AFFECT THE VALUE TABLE PRIMARILY, ALTHOUGH THE RANGE OF APPLICATION 1S
EXPANDING TO INCLUDE CONTROLS WHICH NEED TO BE APPLIED IN TIME., THE VARIABLE
INPUT CAKRUS OPERATE DIRECTLY ON THE MODEL.,
I. VARIABLE EVENT INPUT CARDS
THESE ARE THE CARDS WHICH DRIVE THE MODEL IN TIME. THE TIME SPECIFIED
ON THE EARLIEST SELECTED CARD OF A CASE SETS THE CLOCK, THE SIMULATION CLOCK
IS THEN MODIFIEC AS DEFINED BY EVENT PICK UP AND DROP QUT TIMES AS CALLED FOR
BY THE EQUATION DEPENDENCIES,
A, VARIABLE EVENT INPUT CARDS
FORMAT, FREE FIELD» BLANKS MAY BE FREELY INTERSPERSED,
THE GENERAL FORM IS
NAME = VALUE AT TIME,
NAME = A VARIABLE NAME» 1=6 CHARACTERS IN LENGTH USING
A=Zy» 0=9,
VALUE = O0r 1y 0,0 1.0¢r OR ANY NUMBER OF THE FORM M,N
TIME = TIME OF ACTION AND IS OF THE FORM

ND NH NM NS NL» WHERE

N = AN INTEGER SPECIFYING THE NUMBER OF UNITS
OF THE TIME SPECIFIED BY THE CHARACTER T0
THE RIGHT OF THE INTEGER. THE ALLOWED
CHARACTERS AND THEIR MEANINGS ARE

DAYS

HOURS

MINUTES

SECONDS

MILLISECONDS

THE TIME SPECIFICATION MAY BE ORDERED IN ANY FASHION»
ANY OR ALL OF THE UNITS MAY BE LEFT OUT» AND BLANKS

MAY BE INTERSPERSED. IF ONLY AN INTEGER IS PRESENT

THEN THE TIME IS ASSUMED TO BE IN MILLISECONDS,

EXAMPLES FOLLOWeo o

1.0 AT 10.

1.0 AT 24H.

1.0 AT 1D 6H u45M 38 S 572 L,

1 AT 9,

rNn=xTIOo
nunun

oO® >
inn
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Thus TnE FIRST TwO EVEWNTS ARE EGUIVALENT. EVENT C  WILL
Ko PLACE AT THE END OF 1 DAY» 6 HOURS» 45 MINUTES
30 SECUlBS AND 572 MILLISECONDS. D wILL TAKE PLACE AT
9 MILLLISECONDS. NWNUTEseoA 't (PERIOD) MUST APFEAR AT THE

USAOL . THLSE CARDS ARG THe ACTIVITY INPUTS TO THE SYSTEM BEING
STvuLaicen. THEY MAY REPRESENT STARTING EVENTS (BUTTON
PUSHTILY e IRTITIATING EVENTS FROM A PRE=SLT SYSTEM» OR
E‘AALF‘.”&\;TIONSo

e Chikivobk INME LRIPUT CARL

FORMATS  FReo Flewodr ALTERNATIVE VERSIONS ARE GIVEN RELOW.
ThHe GEWERAL FORW IS
NAML Y AT TIML o X DELAY,
Tt PUNCTUATION mUST APPEAR.,

AL = SAMt AS UN EVENT INPUT CARD.
I T = SAME AS UN EVENT INPUT CARD. THE WORD 'AT* MUST
PRECLOL THE TIME.
A = CrE OF P FOR PICKUP TIME (REFERENCES TIME
; TABLE 1)
‘ ' Uk 0 FOR DROP OUT TIME (REFERENCES TIME
TABLE 2)

SELaYz THE TIME DELAY TO BE INSERTED IN THE SPECIFIED
TIME TAHBLE. ITS FORMAT IS IDENTICAL TO *'TIME?
OF MaY Be THo CHARACTER I SPECIFYING INFINITY.
EXrePleS FOLLGwe oo
A e AT 45 M 325 9 P S500L.
vARYIT» AT 1+ +» Ne 30M 30S.,
i e AT 1H v Pe 1
A alLL CHANGE ITS PICK UP TIME TC 500 MILLISECONDS AT
45 MINUTES AND 32 SECOLSey BUT AT 1 HOUR 8 WILL BE
PRUVENTEL FROM EVER PICKING UP, VARYIT WILL HAVE ITS
CRUF CUT TIME (HANGED AS SPECIFIED.
THeSE CHARGES wlIllh HOLL FOR THE LIFE OF A CASE» UNLESS
SUFCRCLUED BY A LATER [HPUT IN THE SAME CASE.

USACGE « THiSE CARDS CHANGE THE REFERENCED TIME TABLE CENTRIES FOR
Tte VARIAPLE SPECIFIED, FOR THE LIFE OF THE CASE.
THLIS PROVIGES A mMECANS FOR INSERTING TIME DELAYS INTO THE
TOLEL UR FOR PREVENTING A VARIARBLE FROM ACTING AT ALL.
I11s vARLALLL PARAMETER DATa CARDS
THESE UATA CARES Ake ALL DEFINELU AFTER SOME CONTROL CARD IS GIVEN.

‘ *NAMES  UATA CARD e



FORMAT,

USAGE,
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COL., 1= 6 SIX CHARACTER CODED MODEL NAME
COL, 13=36 THE CORRESPONDING TRANSLATION MQODE NAME

THIS CARD IS USED IN CONJUNCTION WITH THE *TRANSLATION
MODE AND ITS OPTJIONS,

*VARIABLE PRINT NAME CARDS,s.

FORMAT,

USAGE,

*NO VARIABLE
FORMAT,

USAGE ,

COL. 1= 6 SIX CHARACTER CODED VARIABLE NAME

ONLY THE VARIABLES SPECIFIED WILL BE PRINTED QUT IN THE
HISTORY,

PRINT NAME CARDS,
COL, 1= 6 SIX CHARACTER CODED VARIABLE NAME

THE NAME SPECIFIED WILL BE DELETED IN ACTION PRINT QUTS
AND THE CORRESPONDING REACTION WILL BE DELETED ALSO,

SET MODE ACTIVITY CARDSes,

FORMAT,

USAGE,

VARIABLE = B,

VARIABLE MAY BE 1~6 CHARACTERS INCLUDING A=2, 0-~9,
THE E£QUAL SIGN AND PERIOD MUST BE PRESENT.

B8 IS ONE OF 0 OR 1 IN *LOGICAL MODE,

THESE CARDS OCCUR AS A BLOCK, ONE EQUATION PER CAKD,
THEY ARE USED WITH THE *SET CARD AND SPECIFY THE VALUE
70 WHICH THE VARIABLE IS TO BE SET IN THE STATE TABLE.

*SET TERMINALS NAME CARD

FORMAT,

USAGE ,

IIT. ACTION COMMAND

COL. 1= 6 SIX CHARACTER CODED VARIABLE NAME,

ANY VARIABLE APPEARING IN THIS DECK WILL BE TREATED AS A
TERMINAL, THAT IS» THE EQUATIONS IN WHICH IT IS USED WILL
NOT B8& LOOKED UP DURING THE HISTORY, THESE CARDS wILL
REMAIN IN EFFECT THROUGHOUT A JO0B,

DATA CARDS

THESE CARDS ARE CONVERTED ON INPUT INTO A FORM LIKE THE VARIABLE EVENT

INPUT CARDS AND ARE

THEIR TIME IS ACJUSTED TO INSURE THAT ALL ACTIONS TO OCCUR AT THE TIME SPECIFIED
ON THESE CARDS WILL

THEREAFTER TREATED LIKE ACTION DATA, DUE TO THEIR NATURE.

HAVE OCCURRED. IT IS RECOMMENDED THEREFORE THAT DECK SET UP
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FOR A CASE BE AS FOLLOWS,. CONTROL CARDS

ACTION COMMAND CARDS
VARIABLE EVENT INPUT CARDS

LIST AT TIME CARD,se

FORMAT,

USAGE,

COL. 1=-12 *LIST AT

COL. 13=72 ND NH NM NS NL.,
THE TIME SPECIFICATION FORMAT IS THE SAML
AS THE VARIABLE EVENT INPUT CARDS (Q.Ve).

THIS CARD CAUSES THE PRINTING OF A LIST OF ALL VARIABLES
AND THEIR STATESs AT THE TIME SPECIFIED. AN INTERRUPT
OF THE SIMULATION HISTORY IS EFFECTED AT THE SIMULATION
TIME SPECIFIED. SIMULATION HISTORY CONTINUES

AFTER THE LIST IS COMPLETE.,

IN ADOLITION TO THE LIST THE CURRENT CONTENTS OF THE
ACTION TABLE ARE PRINTED, THUS A COMPLETE PICTURE OF
THE MODEL 1S GIVEN AT AN INSTANT OF DYNAMIC TIME, THE
STATE OF EVERY ELEMENT OF THE MODEL AND THE EVENTS
WAITING TO TAKE PLACE ARE DISPLAYED, THIS FEATURE CAN
BE USED FOR DETAILED ANALYSIS OF MODEL BEHWAVIOR OR

TO DETERMINE THE MODEL STATUS SO THAT A LATER RUN CAN
START FROM THE SPECIFIED POINT IN TIME, ELIMINATING
START UP FROM THE BEGINNING.

LIST PUNCH AT TIME CARD.s.

FORMAT,

USAGE.

HALT AT TIME
FORMAT,

USAGE,

SAME AS THE LIST AT TIME CARD EXCEPT
COL. © P

A LIST IS PUNCHED IN THE SAME FORMAT AS A 'SET' MODE
ACTIVITY CARD,
THE LIST IS BOTH PRINTED AND PUNCHED UNDER THIS OPTION,

o2l

A COMMON USE FOR THESE CARDS IS TO PRESET A SIMULAT]ION RUN

TO ELIMINATE START UP AT THE BEGINNING, NOTE THATY IF THE

*LIST1 OPTION IS IN EFFECT THEN ONLY VARIABLES wWiTH A VALUE

OF NON=ZERO WILL BE PRINTED AND PUNCHED.

CARD4 s o

COL, 1-6 *HALT
FOR THE REST OF THE FORMAT SEE THE LIST AT TIME CARD,

THIS CARD CAUSES THE SIMULATION HISTORY TO TERMINATE
IF THE TIME SPECIFIED IS EXCEEDED IN THE HISTORY, A

STATE LIST OF ALL VARIABLES IS PRINTED BEFORE THE RUN
IS TERMINATED,
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CONTROL CARD DESCRIPTION, .

CONTROL CARDS ARE USED TO SPECIFY VARIOUS OPTIONS DURING SIMULATION,
DETAILED DESCRIPTIONS OF EACH CONTROL CARD WILL BE FOUND IN THE *ALPHABETICAL
LIST OF CONTROL CARDS» THE SIMULATOR' IN THE APPENDIX. FURTHER REFERENCES
TO CONTROL CARC CONTEXT IS GIVEN IN THE APPENDIX 'GUIDE TO CONTROL CARD
USAGE» THE DNS SIMULATOR?',

A CONTROL CARD IS DISTINGUISHED BY AN ASTERISK (%) PUNCHED IN COLUMN 1
OF THE CARD, THE IDENTIFYING WORD MUST BE LEFT=JUSTIFIED TO THE ASTERISK.
EXCEPT FOR THOSE CONTROL CARDS WITH SPECIFIED FIXED FIELDS ONLY THE FIRST
FIVE CHARACTERS OF THE IDENTIFYING wORD ARE SIGNIFICANT. FOR EXAMPLE"

CARD COLUMN
00000000011111111112..,
123456789012345678904.4 4

*SINGLE SPACE
AND =SINGL

ARE EQUIVALENTe. THE EXCEPTIONS TO THIS AREese

*BEGIN, T,

*BIASYN,

*BINARY QUTPUT
*CONTRQL TIME.,T,

=L IST

*LOGICAL MODEsXXrYY,
*SELECT 4011

NQTE THAT ANY SPACING REFERENCED IN THE CONTROL CARD LIST IS REQUIRED,
FOR EXAMPLE,» THE =*LOGICAL MODE,XXeYY, CARD MUST BE WRITTEN AS SPECIFIED.

THE GENERAL USE OF CONTROL CARDS WILL BE DISPLAYED IN THE FOLLOWING
SECTION,
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DECK SETUP e

DECK SET UP IS5 MORE COMPLICATED IN THE SIMULATION PROGRAM, THE FOLLOWING
DEFINITIONS wILL BE USEFUL,.

RUN PREFACE ALL CONTROL CARDS PRECEDING THE FIRST JOB TYPE CARD.

THE FOLLOWING CONTROL CARDS MAY APPEAR IN THE PREFACE,
FORMAT *SINGLE SPACE

*SUPPRESS CONTROL CARDS

*EJECT

*NEW PAGE

*TITLE
MISCELLANEOUS *DEBUG

x

RUN ALL DATA CARDS FOLLOWING THL PROGRAM DECK, A RUN INCLUDES ONE
OR MORE JOBS AND MAY INCLUDE ONE OR MQORE CASES.,

JOB ALL DATA CARDS FROM ONE JOB TYPE CONTROL CARD (*LOGICAL MQDE)
TO ANOTHER OR TO THE TERMINATION CARD (*$%%3%).

CASE A CASE INCLUDES ALL CONTROL CARDS (A CARD WITH AN * IN COL. 1)
FOLLOWED BY VARIABLE INPUT CARDS. A CASE ENDING IS SIGNALED BY
THE OCCURRENCE OF THE FIRST CONTROL CARD FOLLOWING A VARIABLE
INPUT CARD.,

THUS A TYPICAL DECK SET UP IS LAID OUT AS FOLLOWS WITH A SAMPLE,

KUN SAMPLE
RUN PREFACE RUN *TITLE THIS IS A SAMPLE
JOB 1 JOB 1 *LOGICAL MODE.O01,04,
CASE 1 CASE1l *BEGIN.
CASE ¢ A =1 AT 0O,
’ CASE2 *BEGIN.,
. B =1 AT 200,
CASE W JOB 2 *L.OGICAL MODE»02:05,
JoB 2 CASE1l =*BEGIN.,
CASE 1 A =1 AT O,
CASE 2 CASEZ2 =*BEGIN,
. B = 1 AT 200,
. C =1 AT 205,
CASE W END *3$%5%%
JOB 3
°
.
JOB N

TERMINATIUN CARD (*$%%%%)
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THERE ARE TwO MOST MINIMUM USEFUL DATA SET=UPS.

*LOGICAL MOUE,»O01/,06,
A =1 AT 0,
*$$99%

*LOGICAL MODE,03r05,
*LIST
235999

THIS DATA WILL PRODUCE
A HISTORY PRINT OUT OF
ALL ACTIVE EVENTS DEPENDING ON A,

THIS REQUESTS A LIST OF

ALL VARIABLE NAMES:, THEIR SIMULATION
ORDER AND THEIR OCTAL INDEX NUMBERS.,
(NOT REALLY VERY USEFUL,)

THE AVERAGE (AND THEREFORE TYPICAL) SIMULATION PROGRAM SET UP CAN BE

DErICTED AS FOLLOWS.,

TYPE DATA DECK

RUN PREFACE *TITLE RUN NO,

b 3

MEANING

5+DATE ¢ NAME TITLE ON EVERY PAGE

COMMENTS DESCRIBING THE

* THIS CASE IS A VALIDATION CASE
* RUN TESTING THE EQUATION
* LOGIC FOR MANUAL SWITCHES
Joug *_OGICAL MODE,»02,05, JOB TYPE CARDrs REGUEST
NOMINAL REACTION TIMES.,
CASE 1 *SET PRESET
POwl = 1. THE POWER SUPPLIES»
POW2 = 1. I.Es» PUT THE MODEL IN
POW3 = 1. A STANDBY CONDITION,
*END SET
*SINGLE SPACE FORMAT CONTROL
*BEGIN, DATA FOLLOWS.,
Swl = 1 AT 0. VARIABLE INPUT, TEST
FIRST SWITCH,
*LIST DISPLAY MODEL cLEMENT
STATES WHEN MODEL STOPS
REACTING,
CASE 2 *RESET GO BACK TO STAnDBY.
*BEGIN,
Swe = 1 AT 0. VARIABLE INPUT, TtST
ANOTHER MANUAL INPUT
*xIST THIS LIST wiILL PROBABLY
BE COMPARED WITH THE
LAST ONE,
CASE 3 *RESET
*BEGIiN,
Swl = 1 AT 0, TEST FOR EFFECTS OF
Swe = 1 AT 0. ALL SWITCHES AND ADD
Swd = 1 AT 200, ANOTHER o
*xLIST

TERMINATION *$39%%

END THE RUN
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THIS HAS BEEN AN EXAMPLE OF A MULTIPLE CASE RUN, A SIMILAR RUN MIGHT
BE A MULTIPLE JOB RUN, HERE A CONSIDERATION COULD BE A COMPARISON OF
TIMING CONSIDERATIONS, AN EXAMPLE APPEARS BELOW.

RUN *TITLE MODE RUN 1, MINIMUM TIMES
Jos 1 *_OGICAL MODE,O1»04,
CASE 1 *SET SET DECK
POW1l 1.
POw2 1.
POw3 1.
*END SET
*BEGIN,
SW1 = 1 AT 0, AN ACTIVE INPUT
*1ST
CASE 2 *RESET
*BEGIN,
Sw2 = 1 AT 0,
*LIST
JoB 2 *TITLE MODE RUN 2» AVERAGE TIMES
*_LOGICAL MODE,02¢0S,
CASE 1 *SET SET DECK
. POw1l 1.
POow2 1.
POW3 1.
*END SET
*BEGIN,
Swi = 1 AT 0.
* IST
CASE 2 *BEGIN,
Sw2 = 1 AT 0.
* IST
Jog 3 *TITLE MODE RUN 3, MAXIMUM TIMES
*LOGICAL MODE,»03+,06.
CASE 1 *RESET NOTE THAT THE StT 1S
*BEGIN, SUCH THAT IT
SW1 = 1 AT 0. CAN CARRY QVER JOBS
*LIST WITH GREAT CARE,
CASE 2 *BEGIN,
* . IST AT 100, GET AN INTERNAL PICTURE
Swe = 1 AT 0. OF THE MODEL wHILE IT
*IST IS RUNNING,
TERMINATION *x3%$%%%

Hnuu

MALFUNCTION INPUT IS ILLUSTRATED BY THE FOLLOWING EXAMPLE,

*TITLE FAILURE OF RELAY A597-A» AND A598-B
*LOGICAL MODE 02005,

*SET

POWER = 1.
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ACGEN = 1.,

*END SET

*BEGIN,

START = 1 AT 0.

Swi = 1 AT 250,

RAS97As AT 175, Pyl, THIS IS A PERMANENT
v FAILURE

RAS98B, AT 175» Py 2004, THIS PERHAPS STICKY

*LIST CONTACTS

*$359%

THESE EXAMPLES QBVIOUSLY DO NOT EXHAUST THE FULL RANGE OF INPUT
POSSIBILITIES, BUT THEY DO REPRESENT A GUIDE TO TYPICAL INPUT DATA
DECK SET UP,
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TRANSLATION MOCE.,.

AS
TO ALLOW
EDITING,
FACILITY
PRINTING

IN

MODELS HAVE GROWN LARGER AND MORE COMPLEX A FACILITY WAS REGUIRED
FOR BETTER COMMUNICATION AS WELL AS PROVIDE A MEANS FOR FURTHEtR
DISPLAY, AND ANALYSIS. THE FOLLOWING DISCUSSION DESCRIBES THE
ALLOWING THE SIMULATION TO BE OUTPUT IN BINARY FOR IMMEDIATE

OR FOR LATER PROCESSING,

THE TYPICAL INPUT BELOwW EACH CARD IS NUMBERED FOR THE EXPLANATION

wHICH FOLLOWS,..,

CARD
NO .

CONTCOFLNOKF

CARD COLUMNS ' -
00000000011111111112222a22222333333ssssuuuuuuuu4455555555556
123456789012345678901234567890123456789012345678901234567890

* DATA ‘
*BINARY QUTPUT HISTORY

*TITLE THIS IS A SAMPLE RUN

*LOGICAL MODE(02+05.
*SINGLE SPACE

*NAMES {NOTE NAMES TAKEN FROM DWS SIMULATION EXAMPLE)
" ENG POWER HOUSE ENGINEER

MSWT MAIN POWER SWITCH

GEN POWER LENERATOR

PLINE POWER LINE

HLINE LINE TO HOUSE

CSWT CIRCUIT SWITCH ON WALL

PLUGL ELECTRIC OUTLET 1

RADIO TABLE MODEL RADIO

KSWT RADIO VOLUME SWITCH

SOUND BROADCASTING

PLUGZ ELECTRIC OUTLET 2

LAMP FLOOR LAMP (150 WATTS)

LSWT LAMP SWITCH

sULB LIGHT SuULB (150 WATTS)

LIGHT LIGHT

*END NAMES

*BEGIN,

ENG = 1 AT O, BRING UP POWER,

CSWT 1 AT S0M, SET ROOM OUTLETS HOT.

LSWT = 1 AT S1iM. TURN ON LAMP,
RSWT = 1 AT 53M. TURN ON RADIO,
*LIST

*END BINAKY OUTPUT

*SET NAMES

*PRINT BINARY NAMES
*$3583

EXPLANATION...
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CARD 1 [S PRECEDED IMMEDIATELY BY THE BINARY PROGRAM DECK (THE
SIMULATION PROGRAM) AND IS FOLLOWED BY CARD 2 WHICH
IS THE START OF DATA,

CARD 2 SIGNALS THAT ALL WHICH FOLLOWS IS TO BE PLACED ON THE
dINARY OUTPUT TAPt. THE WORD 'HISTORY' SIGNALS THAT
THE HISTORY IS TO BE PRINTED OUT» BUT USING THE SIX
CHARACTER VARIABLE NAMES ONLY. ANY DICTIONARY ENCOUNTERED
wILL BE PASSED DIRECTLY TO THE BINARY OUTPUT TAPE.

CARD 3 PUTS A TITLE AT THE TOP OF EVERY PAGE.

CARD 4 BRINGS. IN THE MODEL FOR PROCESSING AND SPECIFIES THE
PROPER PICK UP AND DROP OUT TIME TABLES.

CARD 5 CALLS FOR THE HISTORY TO HBE PRINTED WITH SINGLE SPACING,

CARD 6 SIGNALS THE BEGINNING OF A DICTIONARY WHICH WILL BE PASSED
TO THE BINARY OUTPUT TAPE FOR USE AT *PRINT BINARY TIMEt.

CARDS 7=21 ARE THE DICTIONARY DATA CARDS AND ARE DERIVED FROM
THE DNS SIMULATION EXAMPLE IN THE BEGINNING OF THIS
MANUAL »

CARD 22 SI1IGNALS THE END OF THE DICTIONARY.,

CARD 23 SIGNALS THE START OF THE CASE.

CARDS 24=27 ARE THE ACTIVITY INPUTS FOR THE CASE, THEY wOULD

) CAUSE A HISTORY TO BE PRINTED OUT LIKE THE EXAMPLE EXCEPT

INSTEAD OF & CASES THERE wOULD BE ONLY ONE.

CARD 28 wilLL CAUSE A PAGE EJECT AND A LIST 70 BE PRINTED. .

~CARD 29 SIGNALS THAT THE BINARY QUTPUT MODE IS OVER AND THE .
BINARY OQUTPUT TAPE IS PREPARED FOR PRINTING.

CARD 30 CAUSES THE INITIALIZATION OF MEMORY SO THAT THERE
wILL 8E ROOM IN MEMORY FOR THE DICTIONARY WHEN IT IS
ENCOUNTERED, FOR SMALL MODELS THIS IS PROBABLY NOT
NECESSARY (LESS THAN 800 VARIASBLES),

CARD 31 CAUSES THE BINARY OUTPUT TAPE. (BOT) TO BE READ IN,
IN° THIS EXAMPLE THE HISTORY WILL BE REPRINTED BUT
BECAUSE THE wORD 'NAMES® IS ON THIS CARD THE VARIABLE
NAMES WILL BE REPLACED WITH THEIR SYNONYM EXPRESSIONS,

CARD 32 END THE COMPUTER RUN.

IF THE BINARY OUTPUT TAPE  wERE SAVED 'IT COULD BE REPRINTED IN'

A SEPARATE RUN ON ANOTHER DAY BY THE FOLLOWING SEQUENCE

*LOG1CAL MODE+02:05.

*SET NAMES

*PRINT bINARY, ... NAMES
*$$99%

THE PRIMARY ADVANTAGES OF THIS CAPABILITY ARE THE INCREASE IN
VARIAbLE NAME SIZEs THE ASILITY TO REPRINTe THE INCREASE IN COMMUNICATION
VALUE OF THE HISTORYes THE ASILITY TO FURTHER PROCESS A HISTORY IMPLIED
BY THt £XISTENCE OF THE BINARY OUTPUT TAPE. IT IS A CAPABILITY MEANT FOR
LARGE MODELS WHERE TRANSLATION OF THE VARIABLE NAMES IS DESIRED. OTHER

i

028
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VARIATIONS ARE AVAILABLE BESIDES THAT GIVEN IN THE EXAMPLE. THEY ARE
DISCUSSED IN THE f*ALPHABETICAL LISTING OF CONTROL CARDSs» THE SIMULATOR',
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PROGRAM SPECIFICATIONS, PREPROCESSOR

TITLE.DISCRETE NETWORK SYSTEM PREPROCESSOR PROGRAM

ACKONYM,, ONS PREP

AUTHOR, +CoRe KOZANDAAL AND J,R.LOGANy GENERAL DYNAMICS CONVAIR
DATE, OCTOBER, 1965

MACHINE REQUIRED,.IBM 7090» 7094, DCS=7044=7094

OPERATING SYSTEM, .IBSYS

MONITER SYSTEM, «FORTRAN II VERSION 3

LANGUAGE + sFAP (FORTRAN ASSEMBLY PROGRAM)

MACHINE REQUIREMENTS, .4 TAPE UNITS, 1 ON=LINE PRINTER: 2 CHANNELS

RESTKICTIONS,,

A. NUMBER OF VARIABLES» 2600

Be VARIABLE WAME SIZE» 1-6 CHARACTERS USING LETTERS A=Z, DIGITS (=9
IN ANY COMBINATION.

Ce NAME AND TIME CARD FORMATS ARE FIXED FIELD DATA CARDS.

De EQUATIONS ARE IN A FREE FIELD FORMAT WHICH ARE WRITTEN IN COLUMNS
1=72, COLUMNS 73-8u ARE FOR REFERENCE AND ARE NOT EXAMINED BY THE
PROGRAM.

Ee ALLOTTEC MEMORY FOR DATA IS 20-~22,000 CELLS DEPENDING ON COMMON
DEFINITION,

Fe ALL REFERENCE TABLES CONSTRUCTED ARE MULTIPLES OF THE NUMBER OF
VARIABLES IN THE MODEL.

Ge PROGRAM TIME BASE IS IN MILLISECONDS,

TIMING, o THE SMALLEK THE MODEL THE SHORTER THE TIME ON THE MACHINE,

MINIMUM TIME IS ABOUT 20 SECONDS»TOTAL (INCLUDES PROGRAM LOADING) .,

MAxIMuUM TIME (FOR 260U VARIABLES) WOULD BE 10-12 MINUTES. A NOMINAL

CASE OF SAY J200=16U0 VARIABLES wOULD BE 3«5 MINUTES.



GENERAL DYNAMICS CONVAIR 031

INSTALLATION DECK SETUP» THE PREPROCESSOR

TO SUBMIT A COMPUTER RUN TO THE MSFC COMPUTATION LABORATORY
THE FULLOWING DECK SETUP IS REQUIRED. 4.

CARD COLUMNS

00000U00011111111112222222222333333333344444444445555555555666666666677777777
12345078901234567890123456789012345678901234567890123456789012345678901234567

$JOB NASA=J,R,LUGAN 1650670,04,129 I2FE LOGANS BIN
$ATTACH Ao

$AS SYSLB3s/HI

$PAUSE READY TAPES

SEXECUTE FURTRAN

fd EOF (7=6 PUNCHED IN COLUMN 1)

* NASA=J,R,LOGAN 1650670004129 J2FE LOGANS BIN
* XeQ

eesesseessse s WINARY DECK APPEARS HEREsoeesoeoscons
* UATA
seseqseseneses s JATA AND DATA CONTROL CARDS APPEAR HEREssesesescsoes

*55b% D (LAST CARD OF THE DATA DECK)

A PROPERLY FILLED OUT OPERATOR INSTRUCTION CARD WITH THE NECESSARY
SAVE AND PRINT LABELS wILL ACCOMPANY THE PROGRAM DECK,
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PREPROCESSOR PROGRAM INSTRUCTION CARDS

7094-__INSTRUCTION CARD

' PROGRAMNER ko G n N

~Jorey cobe sk £

LOiA‘Hﬂ VS ﬁl\)

0 ¥(,50 670

IF EXCEEDS MAX: STR OJ

INPUT TAPES |wom

stzO owr Ol AETSYS a/

LOGIC | REEL NO. | DEN. [LOGKC .

NUMBER OF CASES !

AT | xxxx g
¥

ESTIMATED TIME 4

HOURS ______ MINUTES =
MAXIMUN TINE $
HOURS MINUTES —.

FASTTAPES A 8 C D

PROGRAMMER COMMENTS .

File Prtect

®iesys | D(cicommLE

O (spook SSEMBL n‘l a7

O (0)OTHER ©) EXECUTE

vl
s FwD.
O (rrran 12 | DO MAr ___"Si_____,_——-
20FTRN IX AP 8, To _

Q (AAPT Ots) sos

O (P)PERT Pﬂ,';”fé/(’
[ (0)oTHER

oveR
O rRwa !
O € ON-LINE

0 SEE TECHNIQUES
O MAX. EXCEEDED
0 RETURN TO SVY8.

T

If from DTC program.
If data is behind program deck.

PROGRAMMER

LOGAN -R

REEL NUMBER LOG NO. | UNIT NO.| crEATED ON

No. FiLES| DATE cmEaTED
REEL ofF . neeLs | 1O/
(DENTIFICATION

Paeprocessce Bavany Movec Tpe

~ ,
BPI 800 556____200__HI.Z L0
MSFC = Form 341-1 (Rev March 1964)

BINARY MODEL TAPE

10 files if *NAME-*END NAMES cards
are not included. 11 files if they are,

OPER NIT or if input is from DTC program.
OUTPUT TAPES ONLY 4020 TR :

REEL NO. ]‘lio(:lc D;':. UNIT [NO. OF CPYS, S‘A;! TAPE INPUT D /UT|L|TY TAPE LABEL DATE CREATED] |
: PRINT [(A{DENSITY o+ O 1

ow [] IrREEL REE

G b g l Pﬂt N‘r PUNCH D FC = Form 341-3 (July 1964 OF "=

REEL NUMBER _r_.éc NOJUNIT #ICREATEDON OPERATOR

. PROGRA-h[ﬂMER FILES]| CYS SEQUENCE #

LOGAN I 1i

o FATN S

MSFC - Form 833

Ldiie
ev August 1964)

NjojoIbiw (N =]

STANDARD PRINT TAPE FOR THE PREPROCESSOR !
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PROGRAM SPECIFICATIONS,» SIMULATOR

TITLE. DISCRETE NETWORK SYSTEM SIMULATION PROGRAM
ACRONYMOODNS
AUTHOR s eJoaiRe LOGAN, GENERAL DYNAMICS CONVAIR
DATE.OCTOBER, 1965
MACHINE REQUIRED..IBM 70900 7094, DCS=7044=7094
OPERATING SYSTEM,.IBSYS
MONITER SYSTEM, «FORTRAN Il VERSION 3
LANGUAGE, s FAP (FORTRAN ASSEMBLY PROGRAM),
MACHINE REQUIREMENTS.,.7 TAPE UNITS, 1 ON=LINE PRINTER» 2 CHANNELS.,
RESTRICTIONS,,
As MODEL CHARACTERISTICS ARE SUBJECT TO PREPROCESSOR LIMITATIONS.
Bs MEMORY ALLOCATION FOR DATA IS 20-22:000 CELLS DEPENDING ON COMMON
VEFINITION,
Ces VALUE DATA BASE IN BINARY IS FLOATING POINT NUMBERS,
De THE SIMULATION CUMULATIVE CLOCK IS IN MILLISECONDS AND CLOCK NUMBERS

ARE SIGMED BINARY INTEGERS. THE LARGEST VALUE THE CLOCK CAN HAVE

15 34+359,7380367 MILLISECONDS OR 397.68 DAYS AND THEREFORE THE

SIMULATION HISTORY WILL LAST ONLY FOR THAT MuUCH TIME IN MILLISECONDS,
Ee MODEL SIZE IS COMPUTED AS FOLLOWS.

5 *x NO, OF VARIABLES

+ DIRECT REFERENCE TABLE SIZE

+ EQUATION TABLE SIZE

+ T
Fe THE NUMEER OF ACTIONS ALLOWED ISes.

(SIZE CF DATA REGION = MODEL SIZE) 7/ 3.

THIS INCLUDES INPUTS, ACTIONS, AND REACTIONS AT ANY GIVEN TIME,
TIMINGesMINIMUM TIME ON THE COMPUTER IS 16=20 SECONDS, OQUTPUT TIMING
IS APPROX. 1U0 PAGES» SINGLE=SPACED» WITH 50 ACTIONS~REACTIONS PER
MINUTE. TIMi ON THE COMPUTER IS A FUNCTION OF MODEL CONSTRUCTIONs» SIZE.
AND FORCING FUNCTION UEFINITION, A NOMINAL RUN WILL BE 5 MINUTES OR
LESS. THE MAXIMUM RUiN SO FAR IS 65 MINUTES wITH 2000 INPUTS UNDER
*CONTROL TIME CONTKOL AND SIMULATING A 2400 VARIABLE MODEL FOR 8 DAYS
OF ACTIVITY IN MILLISECONDS,
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INSTALLATION DECK SETUP» THE SIMULATOR

TO SUBMIT A SIMULATION RUN TO THE MSFC COMPUTATION LABORATORY
THE FULLOWING DECK SETUP IS REQUIREDe..

CARD COLUMNS

00000U00011111111112222222222333333333344444444445555555555666666666677777777
12345078901234567890123456789012345678901234567890123456789012345678901234567

$J08 NASA=J,R,LOGAN 1650670005912 I12FE LOGANS BIN
SATTACLH Ab

$AS SYSLB3,HI

$SATTACH 83

$AS SYSUT2,HI

$ATTALH Ay

$AS SYSUT3,HI

$PAUSL READY TAPES

$EXECUTE FORTRAN

0] cOF (7=8 PUNCHEU IN COLUMN 1)

* NASA=J,R,LOGAN '050670+050129 I2FE LOGANS BIN

* XEw

Q...'........bINARY DECK APPEARS HERE.........'..
* DATA

OC!O..o.OoO'.DATA AND CONTROL CARU DATA APPEAHS HEREOOOQOQOO....

*$5%5%% (LAST CARD OF THE DATA DECK)

A PROPERLY FILLED OUT OPERATOR INSTRUCTION CARD WITH THE NECESSAKY
SAVE AND PRINT LABELS wILL. ACCOMPANY THE PROGRAM DECK,
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SIMULATION PROGRAM INSTRUCTION CARD

ERETRUCTICH CARD
-2 Yorzn ACDE ,YST_ACK =
i
7
IF EXCEEDS C ‘ R
sT20 pupQ roTsvs U7 {Losic [REZL wo. |oon.|locic
o e |
; ol
! [
i y 1T
FAST TAPES A B C O
FICORAMMER COMMERTS:
Ve STV e
o \) FEP R &pcb\f’\/" \i
D {CICOMPILE
€7 ASSEMBLE]
) EXECUTE
(°) PUNCH !
BCO Ul b
- [
D(S) i8S o Ry
\\
GVER

033A

STANDARD PRINTED OUTPUT

INPUT [
PRINT [t

PUNCH []

'DENSITY

tVSFC - Form 341-3 (July 1964)

UTILITY TAPE LABEL
HIGH Eff

DATE CREATED

Low []

REEL

REELS!

OF

REEL NUMBER L?'S NB.UNIT * CREATED ON OPERATOR
- DD
PROGRAMMER FILES]| CYS SEQUENCE #
Loeznd l 17

Nojlojslwipi=]#®

! IF THE "*LIST PUNCH" OR "LISTP AT N"
OPTIONS ARE USED, THEN IN ADDITION

\\\\

TAPE

Loust 1Y)

CHECK " !

AND CIRCLE ’x,’bCD«’BIN” AND ADD
INTO THE APPROPRIATE "OUTPUT

(P)PUNCH”

TAPES ONLY" COLUMNS

A |

AND FILL OUT AN ADDITIONAL TAPE

8' PUVCH

LABEL FOR PUNCH OUTPUT

WRUT O

PUNCH

PRINT [J|D
L

UTILITY TAPE LABEL
ITY HIGH EJ

r-k

DATE CREATED,

-—l\

tow [}

|MSFC = Form 341-3 (July 1964)!

REEL REELS

OF

REEL NUMBER [LOG NOJUNIT * CREATED ON OPERATOR
Ab
PROGRAMMER FILES] CYS SEQUENCE »
?w(/’) ’f’}(r' " /

Jiolulslw|n -]
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CONTRO
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123456

*DEBUG

¥END £
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ALPHABETICAL LIST OF CONTROL CARDS, THE PREPROCESSOR

PREPROCESSOR CONTROL CARDS ARE USED PRIMARILY TO DISTINGUISH
US CLASSES OF DATA, A TYPICAL DATA DECK APPEARS AS BELOW..

0000000001111111110eevecovsee
123456789012345678c000g00enn

*TITLE THIS IS A TITLE PRINTED AT THE TOP OF EVERY PAGE
* COMMENTS

*

*xTIMES

N A ME AND TIME DATA CARDS
*END TIMES
*
*EQUATIONS
EQUATION CARDS
*END EQUATIONS

* IF A DICTIONARY IS DESIREU PUT IN THIS SECTION
*NAMES
N AMES DATA C ARDS
*END NAMES
*$555 TERMINATION OF DATA
REFERENCE PURPOSES THE VARIOUS CONTROL CARDS ARE LISTED BELOw IN

CAL OKDERe CONTROL CARDS ARE DISTINGUISHED BY THE OCCURRENCE OF AN
(%) IN COLUMN 1 OF THE CARD. THE CHARACTERS OF THE CONTROL WORDS

AR IN THE COLUMNS INDICATED.
L CARL USAGE
000111111111

789012345078

FOR PROGRAMMER USE IN CASE OF SUSPECTED DIFFICULTY
wHEN MODIFYING THE PROGRAM, *DEBUG CAUSES CORE DUMPS
TO BE TAKEN AT SELECTED POINTS IN THE PROGRAM,

QUAT IOUNS SIGNALS THE END OF THE EQUATION DATA CARDS, ITS
OCCURRENCE CAUSES., e

. THE CONVERTED EQUATION TABLE T0 BE OUTPUT ON
THE BINARY MODEL TAPE (BMD).

o« THE INDIRECT AND DIRECT REFERENCE TABLES 70O
BE CONSTRUCTED.,

. OUTPUT OF THE INDIRECT REFERENCE TABLE TO BMu,

. OUTPUT OF THE DIRECT REFERENCE TABLE Tu BMD.



*EIND NAMES

*END TIMES

*EWUATLOUNS

*1ivPpUT TAPE

*NAMES
*¥TIMES

¥*TliLte

*$DE5D
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SIGNALS THE END OF THE NAMES DECK» CAUSES AN ENUL OF
FILE TO BE WRITTEN ON BMD.

SIONALS THE END OF THE NAME AND TIMES DATA DECK,
IT5> OCCURRENCE CAUSES THE NAME TABLE TO BE OUTPUT TO
BN » FOLLOWED BY THE TIME TABLES» ONE FILE AT A TIME,

SIONALS THE START OF THE EQUATION DATA DECK.,

SWITCHES THE INPUT READING TO THE SPECIAL INPUT TAPE
(SPIN) WHICH CONTAINS EITHER THE INPUTS CREATED BY
HAND OR THE BCD RESULTS FROM A PREVIOUS PROGKAM WHICH
eDITS MODEL DATA IN SOME FASHION,

SIONALS THE START OF THE DICTIONARY DATA CARDS,
SIUNALS THE START OF THE NAME AND TIMES DATA CARDS.

THe CONTENTS OF COLUMNS 7-80 WILL BE PRINTED AT THE
TOP OF EVERY PAGE, ACCOMPANYING THE TITLE., PAGE
NUMBERS WILL ALSO gE PRINTED,

THIS CARD wiILL BE PRINTED WHEREVER THE CARD APPLARS,
ITS TEXT IS IN COLUMNS 7-80 AND IT IS USED TO CUMMENT
THE MODEL . LIBERAL USE OF THESE COMMENT CARDS IS HIGHLY
RECOMMENDED TO COCUMENT MODEL CONSTRUCTION,.

THiS CARD IS CALLED A TERMINATION CARD. IT CAUSES
THE OUTPUT TAPES AND THE COMPUTER RUN TO BE CLOSED,
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ALPHABETICAL LIST OF CONTROL CARDS» THE SIMULATOR

THE CONTHOL CARDS wHICH ARE DESCRIBED BELOW ARE INPUT TO THE NETWORK
SIMULATION PROGRAM ALONG wlTH PERTINANT DATA CARDS, IT SHOULD BE NOTED THAT
A GIVEw rRUN IS MADE UP OF JOBS AND CASES. A JOB IS COMPOSED OF ALL CARDS
BETWEEIN ONE  JOB TYPE CARU (E+G.r *LOGICAL MODE CARD) AND EITHER ANOTHER
JOB TYPE CAKD OR A TERMINATION CARD. A CASE IS DEFINED FROM A SET OF CONTROL
CARDS FOLLOWED BY VARIABLE EVENT DATA CARDS TO THE NEXT CONTROL CARD, IN THE
TABLES wHICH FOLLOW THE LETTER IN THE CARD TYPE COLUMNS INDICATES RANGE OF
CONTROL , » R = APPLIES TO ENTIRE RUN C APPLIES TO A CASE

J = APPLIES TO A JOB M IS A MISCELLANEOUS CARD. APPLIES
RIGHT NOw

DOTS INSLIDE THE COUNTROL CARD DESCKRIPTION REPRESENT CHARACTER SPACING. ThE
* MUST OCCUR IN COLUMN 1 OF THE CONTROL CARD AND ALL TEXT SHOULD BE PUNCHED
AS INDICATED. ThE DESCRIPTIONS ARE ARRANGED ALPHABETICALLY,

FOUTNOTE « « COMMENTS MAY BE WRITTEN UN ANY CONTROL CARD (EXCEPT THE TITLE CARD).
THE COMMENT MAY NOT START BEFORE THE END OF THE PARTICULAR CAKDS
CONTROL FORMAT, IN NO CASE MAY COMMENTS BEGIN PRICR TO COLUMN 7.
IF THERE 1S ANY OOUBT PLACE COMMENTS IN COLUMNS 30-80, (COMMENTS
ON *LIST OR *LIST....CARDS WILL NOT APPEAR IN THE HISTORY PRINTOUT).

. CAKD NANE TYPE TEXT

*BEGINS T, C SPECIFIES THE START OF A CASE, T IS THE TOTAL NUMBER
OF EVENTS TO BE PERMITTED AND IS USED TO LIMIT THE
MAX [MUM TIME IN WHICH A CASt IS PERMITTED 7O RUN,

*B1AS, s, C CAUSES ONLY THE TIME BASE TIME 7O BE PRINTED ACCURDING
TO THE FOLLOWING CALCULATION TIME + N = TIME, N MAY Bt
ANY SIGNED INTEGER.

*BINARY OUTPUT H1STORY
R CAUSES AN ALDITIONAL OUTPUT MODE TO TAKE PLACE IN WhRICH

ALL SUBSEQUENT OQUTPUT IS PLACED IN RAw DATA FORM
(BINARY) ON THE BINARY OUTRPUT TAPE., THIS PROCESS
CONTINUES UNTIL AN  *END BINARY OQUTPUT CONTROL CARD
IS ENCOUMNTERED. WHEN THIS CARD IS ENCOUNTERED THE
BINARY OUTPUT TAPE IS CLOSED AND REWOUND. IF THE WORD
'HISTORY' APPEARS THEN THE NORMAL PRINT OUT WILL
CONTINUE. IF THIS OPTION IS EXERCISED NORMALLY IT IS
BECAUSE THE BINARY OUTPUT TAPE (S TO BE SAVED FOkK
PROCESSING BY ANOTH&ER PROGRAM AT A LATER TIME. ThE
WORU '*HISTORY' IF IT OCCURS MUST BE IN COLUMNS 19=25,

*CLEAR M ALL VALUES IN THE VALUE TABLE ARE SET TO 0, (StE *StT1).,

o
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*CONTROL TIME» NCNHNMNSNL o

C CAUSES A PROCESSING MODE TO BE ENTERED IN WHICH DATA
FROM A CASE 1S BROUGHT IN AS A FUNCTION OF THE PERIOD
SPECIFIED BY THE QUANTITIES TO THE RIGHT OF THE (OMMA,

IS ANY INTEGER,

STANDS FOR DAY.

STANDS FOR HOUR,

STANDS FOR MINUTE.

STANDS FOR SECOND.,

STANDS FOR MILLISECOND,

EACH N IS ASSOCIATED WITH THE LETTER TO ITS RIGHT.

EACH TIME SPECIFICATION MAY BE ORDERED IN ANY FASHION

AND BLANKS MAY BE INTERSPERSED TO THE RIGHT OF THE

COMMA, ANY OF THE FIELDS MAY BE LEFT OUT,

EXAMPLES FOLLOW,.

rn=ITOZ

*CONTROL TIME,1D. PERIOD IS ONE DAY,
*CONTROL TIME»2u4H, SAME AS PREVIOUS,
*CONTROL TIME,30M, PERIOD IS HALF HOUR.
*CONTROL T1ME,1D12H, PERIOD IS DAY AND A HALF.

*CONTROL TIME,4H30M3DS,

*CONTROL TIME,5L20S5H2D. PERIOD IS 2 DAYSe 5 HOURS»
20 SECONDS+ AND 5 MILLISEC=-
ONDS »

. USING THE FIRST EXAMPLE SUPPOSE THE INPUTS TO A CASE
COVERED A PERIOD OF 8 DAYS,., THEN THE FIRST DAYS INPUTS
wOULD BE BROUGHT IN FOR PROCESSING, THE SECONU DAYS
INPUTS WOULD BE BROUGHT 1N WHEN THE FIRST EVENT wAS
SELELCTED WHICH EXCEEDED 1 DAY, THE THIRD DAYS INPUTS
WOULD BE BROUGHT IN WHEN THE FIRST EVENT WAS SELECTED
WHICH EXCEEDED 2 DAYS AND SO ON UNTIL THE CASE IS
EXHAUSTED,

*COPY NAMES M  CAUSES THE OICTIONARY FILE TO BE COPIED FROM THE BINARY
MODEL TAPE INTO MEMORY OVERLAYING ALL TABLES EXCLPT THE
NAME TABLE.,

*CYCLE LIST C FORCES A LIST TO BE TAKEN WHENEVER TIME CHANGES,., USE
OF THE =*LIST1 CONTROL CARD IN CONJUNCTION WITH THIS CARD
15 RECOMMENDED .

*DEBUG R FOR PROGRAMMER USE ONLYr» CAUSES CORE DUMPS TO BE TAKEN
AT APPROPRIATE PLACES IN THE PROGRAM,

*DELETE KEACTIONS J THIS CARD IS NOT SEEN BY THE SIMULATOR IN ITS NORMAL
PROCESSING. ITS PURPOSE IS 7O DELETE FROM PRINT OUT
ANY REACTIONS ON THE BINARY OUTPUT TAPE UNDER
*PRINT BINARY CONTROL,

*DouBLE SPACE M CAUSES PRINTING OF EVENTS TO BE DOUBLE SPACED.
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*END BANARY OUTFUT ™

HEND NANMES J
SEND sET M
*ID M
“INSET : M
*LIST M
#LIST PUNCH M

*LISTOootooeoo°ol ]

*LIST.go.g.ooﬂ.Q‘l M

#L 15T C
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CAUSES THE NEZXT LINE 7O BE PRINTED ON A NEW PAGE, WlTH

A INURMAL HEADING,

GENERATES A TERMINATION CARD ON THE BINARY OUTPUT TAPE:
CLOLES IT AND RELINDS IT SO AS TO BZ READY FOk A

*PRINT BINARY CONTROL CARD. IT CLOSES THE =BINARY QUTPUT
OPTiONe NORMALLY THIS CARD wILL BE FOLLOWED BY A

#PRINT BINARY CONTROL CARD (Q,V.), iF TRANSLATION

OF VARIABLE NAMES IS DESIRED THE =END BINARY OQUTRUT

CAKU SHOULD BE FOLLOWED BY A %SET NAMES CONTROL CARD
(Qeve) BEFORE THZ %PRINT BINARY OPTION IS TAkkN,

SIGNALS THE END OF THE TRANSLATION MODE DICTIONAKRY DECK.

SIGHALS TH: ENI
*5eT CAxD IS

DECK, IT IS REQUIRED IF THZ

THIS CARD ENAS
VARLIOUS USLEKRS
INTEGERS THREN
EoeGe# 082005
IN THE TIvLE L

"ZST’”“* TO BE MADE BETWEEN

. S 6772 CONTAIN ©
UCERTED IN THE TITLE LINE.
5 WILL EZ INSERTED

GEZ NUMBER AS 08/20/65,

1S
G
A
F
I

SAVES THo CURRENT VALY 27 CAN BE RESTURED Y

E TABLE,
USING THE =<Z<ZT7 CONTROL CARD,

CAUSES THE PK;%?INC OF ALL THE VgRtACL S IN TrHk SYSTEM.

Trg NORMAL CuUTPRP FORMAT IS 1) OCTV.L INDEX NUMBEK?

2) VARIADLZL JAJE; ~inD VALUE FOLLONED =Y A PERIOD,
STVERAL C-3I0nNS -2 CIvan BelO

IF iHE WOk TPZARS Teile [HEN IN
ADDlTiuN To THE LIS I PUNCHED INTO
CArRUS: . I= .2 PUNCHING.

7V OF SYSTEM
ER Tl N IS MADE START
up ; v Ci;m THE #LISTY PUNCH
CONUITIONMN, ANOTHER usSz OF V&1 LTURE IS TO ENAELE
CuM.mw_suN BETWEZN LISTS In‘ ICAL METRHODS,

THE PUNCH SIGNLL IS CLEARE LTI EVERY LIST. THIS MEANS
THAT FOR CONTREOL CorBs LIK 2 oLE LIST ONLY THE FIRSTY
LIST wILL BE PUNCRZIUD.

IE A 3L APPEARS IN COLUMN 17 SFRLTING OF THZ OCTAL INDEKX
NUMBER IS5 SUPPRESSCU.

IF A 1 APPEARS IN COLUMN 18 PRINTING OF ALL N0 VARLIABLE
PRINT VARIABLES IS COMPLETELY SU PD ZSSED, OR ONLY THE
*VARIABLE PRINT VARIABLES WILL BE LISTED.

- R
FRIMARY

SIGRALS THE PRINTVING ONLY OF NON~ZERO VALUE VARIABLES
WHENEVER A LIST IS TAKEN IN A CASE
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*LOGICAL NMODEsXXoYY, DICTIONARY BINARY
J SIGNALS THAT ALL CASES WHICH FOLLOW WILL BE PROCESSED

wITH THE LOGICAL OPERATORS * AND

+ OR

/ NOT
AND VALUES WILL BE PRINTED AS 0 (ZERO) OR 1 (ONE),
XX AND YY MUST EACH BE ONE OF 01,02,03,04,05» OR 06
SPECIFYING ONE OF ThHE SIX TIME TABLES. XX AND YY MAY
NOT BE THE SAME NUMBER. XX AND YY MUST BE ORDERED» THAT
IS» YY MUST BE A LARGER NUMBER THAN XX. FOR EXAMKLE.,

*LOGICAL MODEr01r06. IS LEGAL
*LOGICAL MODErU6001, IS ILLEGAL
IF THE WORD 'DICTIONARY' APPEARS THE DICTIONARY wILL 8t
BROUGHT IN FROM THE MODEL TAPE AND STORED IN MEMCRY,
THE WORD 'DICTIONARY' IF IT OCCURS MUST APPEAR IN
COLUMNS 25-34,
IF (HE WORD 'BINARY' APPEARS THE DICTIONARY WILL NOT
BE STORED IN MEMORY BUT WILL BE PASSED ON TO THE
BINARY OUTPUT TAPE SURROUNDED BY *NAMES AND
*END NAMES CONTROL

CARDS, IF THE WORD 'BINARY' APPEARS IT MUST OCCUR IN
COLUMNS 37-42,

. *NAMES J SIGNALS THE START OF THE TRANSLATION MODE DICTIONARY
AND CAUSES A TRANSLATION MODE NAME TABLE (N PROGRAMMED
WORUS PER ENTRY). BLANKS REPLACE ALL NAMES AND
DATA SLOTS NOT REFERENCED IN THE DICTIONARY.

*NEW PAGE M  CAUSES THE NEXT NEw PAGE TO BE PAGED PAGE NO, 1.

*NO CHECK REACTION C SUPPRESSES THE CHECKING OF THE OCCURRENCE OF THE SAME
EVENT PREDICTED AT THE SAME TIME wWITH DIFFERENT VALUES,
IF THIS CARD IS NOT PRESENT, THE EARLIEST OCCURRING
EVENT IS ACCEPTED.

*NO EVENT CHECK C FORCES ANY PREDICTED EVENT TO BE PROCESSED.

*NO HISTORY PRINT C SUPPRESSES THE HISTORY PRINT OUTe» ACTIONS AND KEACTIONS.
(OF TEN USED WITH =CYCLE LIST OR WITH MANY CASES WHERE
ONLY THE LISTS ARE REQUIRED,)

*NO INPUT PRINT M  CAUSES SUPPRESSION OF THE INPUT CONVERSION PRINT OUT,
IT IS NOT OTHERWISE SEEN BY THE SIMULATOR,

*NO REACTION PRINT ¢ SUPPRESSES PRINTING OF THE REACTIONS TO AN EVENT.

*NO TRANSLATION MODE

M CAUSES PRINTING OF THE EVENT VARIABLE NAMES TO Bt IN
THE PREPROCESSOR DEFINED NAMES,
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*NO VAKIABLE PRINT J THE VARIABLES LISTED IN COLUMNS 1-6 OF THE DATA CARDS
FOLLOWING THIS CARD (TILL THE NEXT * CARD) WILL NOT BE
PRINTED IN THE HISTORY PRINT OUT (SEE THE *LIST CARD).,

*NG VOID PKRINT C SUPPRESSES PRINTING OF VOIDED EVENTS,

*PRINT BINARY NAMES

M CAUSES THE BINARY OUTPUT TAPE TO BE INPUT AND ALL DATA
wILL oE CONVERTED FROM ITS BINARY FORM AND PRINTED.
IF THE WORD NAMES APPEARS IN COLUMNS 19-23 A FLAG
wIlL BE SET FOR TRANSLATION MODE. THIS OPTION WILL BE
OVERRIDDEN d4Y THE *TRANSLATION MODE AND THE
*NO TRANSLATION MODE CARDS AS THEY APPEAR ON THE TAPE,

*RESET M RESTORES SAVED VALUE TABLE VALUESs THUS RESETTING THE
VALUE TABLE TO A PREVIOUSLY DEFINED CONDITION,

*SELECT,,011 C  SIGNALS VARIOUS OPTIONS REGARDING THE SELECTION
OF IHE NEXT EVENT., A 1 IN COLUMN 12 CAUSES THE LAST
OCCURRING EVENT AT THE SAME TIME IN THE ACTION TABLE TO
BE SELECTED AS THE EVENT TO BE PROCESSED (NORMAL MODE
IS TO SELECT THE EARLIEST OCCURRING EVENT),
A 1 IN COLUMN 11 CAUSES A 0 VALUE EVENT TO BE TREATED
AS A TERMINAL (IT wWILL NOT LOOK UP ITS REFERENCES).

*SET M THE VALUE TABLE IS CLEARELU TO ZEROS, THEN VALUES
SPECIFIED ON THE DATA CARDS FOLLOWING THE *SET CARD
ARE PLACED IN THE VALUE TABLE, SETTING STOPS wITH THE
ENCOUNTER OF THE *END SET CONTROL CARD» AND THE SET
VALUE TABLE IS SAVEDe TO BE RESTORED ONLY WHEN THE
*RESET CARD IS USED,

*SET NAMES M THIS CARD CAUSES INITIALIZATION TO TAKE PLACE 1F THE
VARIABLE NAMES ARE TO BE TRANSLATED IN A *xPRINT bINARY
SEWUENCE. THIS CARD SHOULD BE USED IF THERE IS QUESTION
ABOUT MODEL SIZE. IN PARTICULAR IT SHOULD BE USED IF
THERE AKE MORE THAN ABOUT 1200 VARIABLES AND THE
TRANSLATION NAME IS PROGRAM DEFINED TO BE MORE THAN
24 CHARACTERS IN LENGTH.

*SET TERMINALS J THt VARIABLES LISTEL IN COLUMNS 1~6 OF THE CAKDS
wWHICH FOLLOW THIS ONE WILL BE DEFINED AS TERMINALS»
THIS MEANS THAT THEY WILL NO LONGER REFERENCE THE
EQUATIONS IN wHICH THEY ARE USED OR ACTIVATE OTHER
VARIABLES,

*SETUP PRINT J CAUSES INITIALIZATION PERMITTING ALL VARIABLES TU Bk
PRINTED. THIS SET UP IS CHANGED BY THE *VARIAULE PRINT
AND THE *NO VARIABLE PRINT CONTROL CARDS (Q.Ve),
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*SINGLE SPACE M CAUSES THE EVENT PRINT OUT TO BE SINGLE SPACED.

*SUPPRESS CONTRCL CARDS
C SUPPRESS THE PRINTING OF ALL CONTROL CARDS FROM THE
OCCURRENCE OF THIS CARD TO THE FIRST CONTROL CARL OF THE
NEXT CASE, ALL COMMENT CARDS WILL BE PRINTED.

*TERMINAL PRINT C CAUSES VARIABLES DEFINED 8Y EITHER THE PROGRAM OKR THE
*SET TERMINALS OPTION TO 8E IDENTIFIED AS TERMINALS,

*T1TLE R PLACES THE TITLE SPECIFIED IN COLUMNS 7=-80 INTO THE

TITLE STORAGE, THE TITLE wILL BE PRINTED STARTING ON
THE NEXT AND FOLLOWING PAGES.

*TRANSLATION MOLE C CAUSES PRINTING OF EVENTS IN THE HISTORY TO BE PRINTED
AND REPLACING SIX CHARACTER VARIABLE NAMES WITH
DICTIONARY NAMES, ANY LISTS TAKEN WILL PRINT DICTIONARY
NAMES,

*VARIALLE PRINT J THE VARIABLES LISTED IN COLUMNS 1-=6 OF THE CARDS
FOLLOWING THIS CARD (UNTIL THE NEXT * CARD) WILL
BE PRINTED IN THE HISTORY PRINT OUT, THE PRINTING OF
ALL OTHER VARIABLES WILL BE SUPPRESSED. (ALSO SEE
THE *LIST CARD FOR THE EFFECT ON A LIST,)

* M COMMENT CAKkDe» ANYTHING DESIRED MAY BE PLACED IN
COLUMNS 7=80, IT WILL BE PRINTED AT THE TIME OF 1ITS
OCCURRENCE EVEN IF THE *SUPPRESS CONTROL CARDS OFTION
HAS BEEN GIVEN,

*359%9% R S1IGNALS THE END OF A RUN, ONLY ONE OF THIS CARD IS
REQUIRED AND IF THEKRE ARE ANY CARDS FOLLOWING THIS
ONE THEY WILL BE IGNORED.
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GUILE TO CONTROL CARD USAGEr» THE SIMULATOR

BECAUSE OF THE NUMBER OF CONTROL CARDS AVAILABLE TO CONTROL THE PROCESSING
OF DATA FOR THE DNS SIMULATION PROGRAM IT wAS FELT THAT THE FOLLOWING LISTS
WOULD bE USEFUL. EACH LIST REPRESENTS A GROUPING OF CONTROL CARDS THAT ARE
RELATEU BY FUNCTION» USEy OR TYPE. SEE THE ALPHABETICAL LIST FOR DETAILS.

1.

4,

JObB OR CASE CONTROL

THESE CARDS DEFINE OPERATING MODE, CALL IN TABLES AND TERMINATE
A RUN

*LOGICAL MOUE (RELATED TO GROUP 8.)
*BEGIN/ TP,
*$59%9

VALUE TABLE EFFECTS (SET)

THESE CARDS DIRECT THE PRESETTING OF VALUES OR SAVE AND KESTORE
THE VALUE TABLE.,

*SET
*END SET
*CLEAR
*RESET

* INSET

PARAMETER DEFINING CONTROL

THESE CARDS SIGNAL THE OCCURRENCE OF INFORMATION RELATED TO
NAMES VARIABLES. (SEE ALSO GROUPS 2,)

*NAMES

*END NAMES

*SET TERMINALS
*VARIABLE PRINT
*NO VARIABLE PRINT

VARIABLE PKROCESSING CONTROL

L1ST OR

THESE CONTRULS AFFECT THE ACTUAL PROCESSING OF EVENTS IN A
HISTORY

*SELECT

*SET TERMINALS

*NO CHECK RtACTION
*NO EVENT CHECK

VALUE TABLE PRINTING

THESE CARDS CAUSE VARIOUS LISTS OF VARIABLE VALUES TO BE
FRINTED,

*L1ST
*CYCLE LIST
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*L1ST1
*LIST PUNCH

e FORMS CUNTROL

THERE ARE SEVERAL TYPES OF CARDS WHICH AFFECT THE ACTUAL
FRINTED OUTPUT,

A, PAGING

*SINGLE SPACE
*DOUBLE SPACE
*NEW PAGL
*bLJECT

*TITLE

Bo PRINTING

*

*SUPPRESS CONTROL CARDS
*NQ HISTORY PRINT

*NO REACTION PRINT

*NO INPUT PRINT

*NO VOID PRINT

*SETUP PRINT

C. VARIABLE PRINTING (SEE ALSO GROUP 7.)
*SETUP PRINT
*NO VARIABLE PRINT
*VARIABLE PRINT
*NO VOID PRINT
*TERMINAL PRINT

Cs VALUE MOUIFYING
*BIASIN,

7. TRANSLATIOIN MODE
THESE CARDS RELATE TO A REPLACEMENT OF THE 6=CHARACTER VARIABLE
NAMES BY UP TO 24 CHARACTER VARIABLE NAMES., (SEE GROUP 8,.)

*TRANSLATION MODE
*NO TRANSLATION MODE
*NAMES

*END NAMES

8, SIMULATICON BINARY OUTPUT AND PASS I1 PRINTING
AS MODELS HAVE GROWN LARGER AND MORE COMPLEX A FACILITY wAS
FEQUIRED WHICH WOULD ALLOW FOR BETTER COMMUNICATION (AND
THUS REQUIRING TRANSLATION AND EDITING) AS WELL AS PROVIDE
A MEANS FOR FURTHER EDITING, DISPLAY AND ANALYSIS, THE FOLLOWING
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CARDS ALLOW FOR THE SIMULATION TO BE OUTPUT IN BINARY FOR

IMMEDIATE PRINTING OR FOR LATER REPROCESSING. (SEE ALSO GROUPS
7 AND 1,)

*BINARY OUTPUT
*COPY NAMES

*END BINARY OUTPUT
*SET NAMES

*PRINT BINARY
*DELETE REACTIONS
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LIST OF DATA FORMATS, THE SIMULATOR

THE CONTROL CARDS PREVIOUSLY DESCRIBED ARE USED TO DETERMINE THE TYPE
OF SIMULATION, THE CARDS TO BE DESCRIBED BELOW ARE OF SEVERAL KINDS BUT THEY
HAVE ThE CHARACTEKISTIC THAT THEIR EFFECT IS ON THE HISTORY AND IS IN TIME.
THE DICTIONARY CATA CARDS MODIFY VARIABLE NAMES OR AFFECT THEIR VALUES, THE
ACTION COMMAND CAKDS AFFECT THE VALUE TABLE PRIMARILY» ALTHOUGH THE RANGE
OF APPLICATION IS EXPANDING TO INCLUDE CONTROLS WHICH NEED TO BE APPLIED IN
TIME. THE VARIABLE EVENT INPUT CARDS OPERATE DIRECTLY ON THE MODEL.

I. VARIABLE EVENT INPUT CARDS

THESE ARE THE CARDS WHICH DRIVE THE MODEL IN TIME. THE TIME SPECIFIED
ON THE EARLIEST SELECTED CARD OF A CASE SETS THE CLOCK. THE SIMULATION CLOCK
1S THEN MODIFIEC AS DEFINEL BY EVENT PICK UP AND DROP OUT TIMES AS CALLED FOR
8Y THE EQUATION ODEPENDENCIES,

A. VAKIABLE EVENT INPUT CARDS
FORMAT, FREE FIELDs BLANKS MAY BE FREELY INTERSPERSED.
THE GENERAL FORM IS

NAME = VALUE AT TIME.,
NAME = A VARIABLE NAMEr 1-6 CHARACTERS IN LENGTH USING
A=Zy 0~9,
VALUE = 0» 1» 040+ 1.0+ Ok ANY NUMBER OF THE FORM M,N
TIME = TIME OF ACTION AND 1S OF THE FORM

ND NH NM NS NL» WHERE

N = AN INTEGER SPECIFYING THE NUMBER OF UNITS
OF THE TIME SPECIFIED BY THE CHARACTER TO
THE RIGHT OF THE INTEGER. THE ALLOWED
CHARACTERS AND THEIR MEANINGS ARE

DAYS

HOURS

MINUTES

SECONDS

MILLISECONDS

THE TIME SPECIFICATION MAY BE ORDERED IN ANY FASHION.
ANY OR ALL OF THE UNITS MAY BE LEFT OUT» AND BLANKS

MAY BE INTERSPERSED., IF ONLY AN INTEGER IS PRESENT

THEN THE TIME IS ASSUMED TO 8E IN MILLISECONDS.

EXAMPLES FOLLOWeso

rnxIxITOo
N

A = 1.0 AT 10,

B = 1.0 AT 2uH,

C = 1.0 AT 1D 6H u45M 38 S 572 L,
D =1 AT 9,

THUS THE FIRST TWO EVENTS ARE EQUIVALENT, EVENT C WILL
TAKE PLACE AT THE END OF 1 DAYr» 6 HOURS,» 45 MINUTES»

38 SECONDS AND 572 MILLISECONDS. D WILL TAKE PLACE AT

9 MILLISECONDS: NOTEe+s.e¢A '.' (PERIOD) MUST APPEAR AT THE
END.
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USAGE, THESE CARDS ARE THE ACTIVITY INPUTS TO THI SYSTEM BEING
SIMULATED., THEY MAY REPRESENT STARTING EVINTS (BUTTON
PUSHING) y INITIATING EVENTS FROM A PRE=SET SYSTEMs OR
MALFUNCTIONS,

Be. CHANGE TIME INPUT CARD

FORMAT, FREE FIELD» ALTERNATIVE VERSIONS ARE GIVEN BELOW,
THE GENERAL FORM IS
NAME» AT TIME » X DELAY,
THE PUNCTUATION MUST APPEAR.
NAME = SAME AS ON EVENT INPUT CARD.
TIME = SAME AS ON EVENT INPUT CARD. THE WORD 'AT' MUST
PRECEDE THE TIME,

X = ONE OF P FOR PICKUP TIME (REFERENCES TIME
TABLE 1)
OR D FOR DROP OUT TIME (REFERENCES TIME
TABLE 2)

DELAY= THE TIME DELAY TO BE INSERTED IN THE SPECIFIED
TIME TABLE. ITS FORMAT IS IDENTICAL TO 'TIME!
OR MAY BE THE CHARACTER 'I' SPECIFYING INFINITY.
EXAMPLES FOLLOWeqo
A » AT 45 M 325 o Py 500L,
VARYIT» AT IH » Do 30M 30S,
B ¢+ AT 1H » Pe I o
A WILL CHANGE ITS PICK UP TIME T0 500 MILLISECONDS AT
45 MINUTES AND 32 SECONDS» BUT AT 1 HOUR B wlILL BE
PREVENTED FROM EVER PICKING uUP, VARYIT WILL HAVE ITS
DROP OUT TIME CHANGED AS SPECIFIED,
THESE CHANGES wILL HOLD FOR THE LIFE OF A CASE» UNLESS
SUPERCEDED BY A LATER INPUT IN THE SAME CASE,

USAGE, THESE CARDS CHANGE THE REFERENCED TIME TABLE ENTRIES FOR
THE VARIABLE SPECIFIED, FOR THE LIFE OF THE CASE,
THIS PROVIDES A MEANS FOR INSERTING TIME DELAYS INTO THE
MODEL OR FOR PREVENTING A VARIABLE FROM ACTING AT ALL.
I1. VAKIABLE PARAMETER DATA CARDS
THESE DATA CARDS ARE ALL DEFINED AFTER SOME CONTROL CARD IS GIVEN,
*NAMES DUATA CARD.so

FORMAT, COL. 1= 6 SIX CHARACTER CODED MODEL NAME
COL. 13=36 THE CORRESPONDING TRANSLATION MODE NAME

USAGE, THIS CARD IS USED IN CONJUNCTION WITH THE *TRANSLATION
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MODE AND ITS OPTIONS,

*VARIABLE PRINT NAME CARDS. ..

FORMAT,

USAGE,

xNO VARIABLE
FORMAT,

USAGE .,

COL., 1= 6 SIX CHARACTER CODED VARIABLE NAME

ONLY THE VARIABLES SPECIFIED WILL BE PRINTED QUT IN THE
HISTORY,

PRINT NAME CARDS,
COL. 1= 6 SIX CHARACTER CODED VARIABLE NAME

THE NAME SPECIFIED WILL BE DELETED IN ACTION PRINT OQUTS
AND THE CORRESPONDING REACTION WILL BE DELETED ALSO,

SET MODE ACTIVITY CARDSe.,

FORMAT,

USAGE ,

VARIABLE = B,

VARIABLE MAY BE 1-6 CHARACTERS INCLUDING A=Z, 0-9.
THE EQUAL SIGN AND PER]IOD MUST BE PRESENT.

B IS ONE OF 0 OR 1 IN *LOGICAL MODEt.

THESE CARDS OCCUR AS A BLOCK, ONE EQUATION PER CARD,
THEY AKE USED WITH THE *SET CARD AND SPECIFY THE VALUE
TO wHICH THE VARIABLE IS TO BE SET IN THE STATE TABLE.

*SET TERMINALS NAME CARD

FORMAT,

USAGE,

IIl. ACTION COMMAND

COLe. 1= 6 SIX CHARACTER CODED VARIABLE NAME,

ANY VARIABLE APPEARING IN THIS DECK WILL BE TREATED AS A
TERMINAL, THAT IS» THE EQUATIONS IN WHICH IT IS USED WILL
NOT BE LOOKED UP DURING THE HISTORY, THESE CARDS WwILL
REMAIN IN EFFECT THROUGHOUT A JOB,

DATA CARDS

THESE CARDS ARE CONVERTED ON INPUT INTO A FORM LIKE THE VARIABLE EVENT

INPUT CARDS AND ARE

THEIR TIME IS ACJUUSTED TO INSURE THAT ALL ACTIONS TO OCCUR AT THE TIME SPECIFIED
ON THESE CARDS WILL

FOR A CASE BE AS FOLLOwS.. CONTROL CARDS

LIST AT TIME

THEREAFTER TREATED LIKE ACTION DATA, DUE TO THEIR NATURE.
HAVE OCCURRED, IT IS RECOMMENDED THEREFCRE THAT DECK SET UP

ACTION COMMAND CARDS
VARIABLE EVENT INPUT CARDS

CARD, 4
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USAGE,
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COL. 1=12 =*LIST AT
(4 SIX CHARACTER WORDS),

COL. 13=72 ND NH NM NS NL,
THE TIME SPECIFICATION FORMAT IS THE SAME
AS THE VARIABLE EVENT INPUT CARDS (Q.Vs).

THIS CARD CAUSES THE PRINTING OF A LIST OF ALL VARIABLES,
AND THEIR STATES, AT THE TIME SPECIFIED. AN INTERRUPT
OF THE SIMULATION HISTORY IS EFFECTED AT THE SIMULATION
TIME SPECIFIED. SIMULATION HISTORY CONTINUES

AFTER THE LIST IS COMPLETE.

IN ADDITION TO THE LIST THE CURRENT CONTENTS OF THE
ACTION TABLE ARE PRINTED, THUS A COMPLETE PICTURE OF
THE MOUEL IS GIVEN AT AN INSTANT OF DYNAMIC TIME, THE
STATE OF EVERY ELEMENT OF THE MODEL AND THE EVENTS
WAITING TO TAKE PLACE ARE DISPLAYED. THIS FEATURE CAN
BE USED FOR DETAILED ANALYSIS OF MODEL BEHAVIOR OR

TO DETERMINE THE MODEL STATUS SO THAT A LATER RUN CAN
START FROM THE SPECIFIED POINT IN TIME, ELIMINATING
START UP FROM THE BEGINNING.

LIST PUNCH AT TIME CARD..,

FORMAT,

USAGE.,

HALT AT TIME

FORMAT,

USAGE,

SAME AS THE LIST AT TIME CARD EXCEPT
CoL. © P

A LIST IS PUNCHED IN THE SAME FORMAT AS A 'SET' MODE
ACTIVItY CARD,

THE LIST IS BOTH PRINTED AND PUNCHED UNDER THIS OPTION,

A COMMON USE FOR THESE CARDS IS TO PRESET A SIMULATION RUN
TO ELIMINATE START UP AT THE BEGINNING, NOTE THAT IF THE
*LIST1 OPTION IS IN EFFECT THEN ONLY VARIABLES WITH A VALUE
OF NON=ZERO WILL BE PRINTED AND PUNCHED.

CARD o

COL. 1-6 *HALT
FOR THE REST OF THE FORMAT SEE THE LIST AT TIME CARD.

THIS CARD CAUSES THE SIMULATION HISTORY TO TERMINATE
IF THE TIME SPECIFIED IS EXCEEDED IN THE HISTORY, A
STATE LIST OF ALL VARIABLES IS PRINTED BEFORE THE RUN
IS TERMINATED.
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TAPE ASSIGNMENTS, THE PREPROCESSOR

TAPE TAPE TAPE TAPE NO, OF MACHINE TAPE

UNLT LABEL MODE DENSITY FILES FUNCTION CONTENTS

A2 STDI MIXED 1 INPUT PROGRAM AND DATA.
Ae mMOoD BINARY H1 10711 SAVE BINARY MODEL TAPE,
A7 SPIN 3Co HI 1 LOAD/UTILITY

IF LOAD» CONTAINS
PREPROCESSOR INPUTS,
OTHERWISE UTILITY.,

B& STDI sCu 1 PRINT PRINT OUT OF THt INPUTS,
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TAPE ASSIGNMENTS, THE DNS SIMULATOR

TAre TAPE TAPE TAPE NO, OF MACHINE TAPE

UNIT LABEL MOOE DENSITY FILES FUNCTION CONTENTS

A2 DSA MIXED 1 INPUT PROGRAM AND DATA.

Ay BST BINARY HI 1 UTILITY SAVE VALUES (SET~RESET).
A5 UPU 8CD 1 PUNCH PUNCHED LISTS.

Ab BMD B8INARY HI 10711 LOAD BINARY MODEL TAPEs 11TH

FILE CONTAINS DICTIONARY
OR SYNONYM NAMES IF
PRESENT,

A7 BOT BINARY Hl 1 SAVE IF SAVE, BINARY QUTPUT
TAPE CONTAINING BINARY
FORM OF THE OQUTPUT
FOR USE WITH OTHER
PROGRAMS,

UTILITY IF UTILITY, MAY BE USED

FOR PRINTING WITH
LARGE MODELS.

B3 BME B INARY HI 1 UTILITY CONVERTED INPUTS IN

BINARY FORM,

Be bev Blu 1 PRINT PRINT OUT OF INPUTS.,
HISTORY» AND LISTS,
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UESCRIPTION OF SUBROUTINES: THE PREPROCESSOR

NAME FUNCTICN

STARTER CALL MAIN PROGRAM (MAIN) AND GET PROGRAM STARTED.

MAIN DRIVER FOR THE PREPROCESSOR. PERFORMS ALL INPUT=OUTPUT THROUGH THE
10 UTILITY ROUTINES AND INTERPRETS THE UATA CALLING ALL APPROPRIATE
ROUTINES.

DOPUDO PROCESS A NAME AND TIME DATA CARD AND BUILD TIME TABLES.

PROFUN PKOCESS AN EWUATION DATA CARD AND BUILD THE EQUATION TABLE.

TAGH BUILD THE 1INDIRECT REFERENCE TABLE.

DOTABS BUILD THE UIRECT REFERENCE TABLE.

10 INPUT=OUTPUT UTILITY ROUTINES, ALL I0 IS ACTUALLY DONE FROM THESE
ROUTINES.

ERREM  MESSAGE WR1ITER ROUTINE CONTAINS ALL MESSAGES AND WRITES THEM.

LCsSB LINE AND PAGE COUNTING IS DONE FROM THIS ROUTINE,» WHEN COUNTS ARL
L XCEEDED PAGE EJECTS ARE FORCED AND THE TITLE AND SUBTITLES ARE
PRINTED. :

UtiIL CUNTAINS VARIOQUS UTILITY ROUTINES, PREDOMINANTLY THOSE RELATED TO
- DATA MOVEMENT, A

RDC DECIMAL TO BINARY CONVERSION,
FB2D  BINARY TO DECIMAL CONVERSION ROUTINES,

SDUMP  puMivY ROUTINE FOR CALLING PDUMP,

. ETTSP  PROCESSES AN ENCOUNTERED END OF TAPE CONDITION ON THE PROGRAMS

STANDARU PRINT TAPE,

WERR GENLRALIZED WRITE ERROR RECOVERY ROUTINES (TAPE) .
RERR GENERALIZED READ ERROR KECOVERY ROUTINE (TAPE).

START  DUMMY ROUTINE MAINTAINED FOR COMPATIBILITY PURPOSES,

(PDUMP MSFC COMPUTATION LAB ROUTINE FOR TAKING MEMORY DUMP).

051
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DESCRIPTION OF SUBROUTINESs THE SIMULATOR

NAME FUNCTION
STARTER CALL MAIN PROGRAM (NBS) AND GET PROGRAM STARTED.,

NBS DKIVER FOR THE SIMULATORs PROVIDES A SKELETON FOR THE MAIN ACTION
LOUPS OF THE PROGRAM,

REVDIN  READS AND CONVERTS ALL INPUT» IF ERRORS ARE DETECTED ALL INPUT IS
PROCESSEL 8UT THE RUN IS THEN TERMINATED.

ACTIN BRINGS IN THE CONVERTED INPUT DATA ONE CASE AT A TIME AND PERFORMS
NECESSARY INITIALIZATION FOR EACH CASE.

BACTIN BINARY OQUTPUT TAPE PRINT SUBROUTINE,

SUBR CONTAINS A NUMBER OF THE WORKING SUBROUTINES FOR THE PROCESSING OF THE
EFFECTS COF AN ACTIOnN IN A CASE., THE PRIMARY SUBROUTINES ARE
’ LlST&D BELOW...

CHMH CHECK FOR CASE OVERRUN IN NUMBER OF EVENTS.

FMiaTIM  GET THE NEXT EVENT TO PROCESS,

TESNAM  TEST A VARIABLE NAME TO SEE IF IT IS A COMMAND TO PROCESS.

CHACT CHECK AN ACIIVITY BEFORE IT ENTERS PROCESSING,

STVST STORE A VARIAQGLE VALUE IN THE VALUE TABLE,

SETEF SET UP TO TEST FOR THE EFFECTS OF AN EVENT.

EFFECT CETERMINES wHETHER OR NOT THERE IS A REACTION TO THIS VAKIABLE.

CHKRAC CHECK THE REACTION TO SEE IF 1T IS VALILD,

SERAT SET A REACTION IN THE REACTION TABLE.,

PRRAT PRINT THE REACTION TABLE.

MAKRT MERGE THE ACTION AND REACTION TABLES AND RESET THE ACTION
COUNTER,

SETRE SET UP FOR ITHE NEXT EVENT TO BE PROCESSED.

CLEANC  CrLtAiv UP AFTER CASE END,

ZSTAT SETS THE VALUES OF ALL VARIABLES TO ZERO.

NSTAT SETS THE VALUES OF ALL VARIABLES TO ONE.

DATCHK CHECK TO SEt THAT AVAILABLE MEMORY IS LEFT.

EVALU OETEKMINE THe NAME AND VALUE OF A SPECIFIED EQUATION AS A RESULT
OF EVALUATING IT,.

UTIL CONTAINS A vARIETY OF UTILITY ROUTINES FOR USE BY THE MAIN ROUTINES
AS LISTEE UELOW...Q

FETIM FETCH THE PICK UP OR DROP OUT TIME FOR A SPECIFIED VARIABLE.
TCP TEST FOR TIME PARAMETER CHANGES.

GETSY FETCH THE NEXT SYMBOL FROM AN EQUATION,

GETNAM FETCH AN EQUATION NAME,

GETVAL FETCH A VARLASLE VALUE.
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DYFCH FETCH THE NEXT BCI CHARACTER.
SEFCH INITIALIZE THE DYFCH ROUTINE.
MISCELLANEQUS DATA MOVEMENT ROUTINES
CONTAINS ALL DIRECT INPUT=QUTPUT ROUTINES,

OUTPUT CONVERSION AND TRANSLATION SUBROUTINES FOR HISTORY AND VALUE
LIST DATA,

LINE AND PAGE COUNTING IS DONE FROM THIS ROUTINE,» IF COUNTS ARE
EXCEEDED PAGE EJECTS ARE GENERATED AND TITLE LINES AND SUBTITLES

ARE PRINTED, ALSO THE ROUTINES TO- ADJUST THE SUBTITLES ARE CONTAINED
IN THIS SUBROUTINE. _

THIS ROUTINE CONTAINS ALL MESSAGES AND PRINTS THEM OUT.,

CONVERT CECIMAL TO BINARY,

CONVERT EINAKY TO DECIMAL,

CONVERT FLUATING POINT TO FIXED AND FIXED POINT TO FLOATING.

ETiSP=PC THIS ROUTINE- HANDLES AN END OF TAPE CONDITION ON BOTH THE

SDUMP

STANDARD PRINT AND PUNCH TAPES.

DUMMY ROUTINE FOR TAKING A TEMPORARY MEMORY DUMP THRU PDUMP.

WERR=RERR GENERALIZED READ=WRITE TAPE ERROR RECOVERY ROUTINES.

START DUMMY ROUTINE MAINTAINED FOR COMPATIBILITY PURPOSES.
(PDUMP MSFC COMPUTATION LAB ROUTINE FOR TAKING MEMORY DUMP).
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PROGRAM SPECIFICATIONS» DNS DOWN, TRANSLATION AND CALLING PROGRAM

TITLE«ose DNS UOWN TRANSLATION AND CULLING PROGRAM

ACRONYM, ,DT+C

AUTHOR, +DsRe DIADDIGO

DATE..OCTOBER,» 1965

MACHINE REQUIRED,.IBM 7090+ 7094, DCS=704u4=7094

OPERATING SYSTEM,.IBSYS

MONITER SYSTEM, .IBJOB

LANGUAGE s s MAP (MACKO ASSEMBLY PROGRAM) AND FORTRAN IV

MACHINE REWUIREMENTS,.4 TAPE UNITS», 1 ON=LINE PRINTERe» 2 CHANNELS
TIMING.o (10 % (NO, OF ACTIVE TIME CARDS) 7/ 50) SECONDS + 25 SECONDS.
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INSTALLATION DECK SETUP»
THE DOWN TRANSLATION AND CULLING PROGRAM

TO SUBMIT A COMPUTER RUN TO THE MSFC COMPUTATION LABORATORY
THE FULLOWING CECK SETUP IS REQUIRED.

CARD COLUMNS
00000U0UU11111111112222222222333333333344444444445555555555666666666677777777
12345078901234567890123450789012345678901234567890123456789012345678901234567

$J408 NASA=J,R.LOGAN »650670¢029 129 I4ME LOGANS BIN
$ATTACH A7

$AS SYSCHK2HI

$PAUSE ReADY TAPES

SEXECUTE IsJous

$1BJOL GOsDLOGICYMAPYFILES/NOSOQURCE

..".......‘BI'JARY DECK...O......O.
SDATA
OQOQQOQQOQOQTIME CARD DATA.........'...

%

QOQQ.OQOOQOOEQUATION CARD DATAOQCOOIQOCOOQ

k)

A PROPEKRLY FILLED OUT OPERATOR INSTRUCTION CARD WITH THE NECESSARY
SAVE AND PRINT LABELS wWILL ACCOMPANY THE PROGRAM DECK,



DTC PROGRAM INSTRUCTION CARD

2094-__INSTRUCTION CARD

PROGRAMNER | 5 ap) |OPEJ;CODE [STACK %12 Operation Code = 11 Production
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O SEE ON-LINE
O SEE TECHNIQUES
O MAX. EXCEEDED
0 RETURN TO SYS.

Equations and Times and Names may

o = be printed, punched, or used
OUTPUT TAPES ONLY 4020 directly as input to the Pre-

REEL NO. | Loeic | DEN.| uNIT {NO. OF CPYS| SAVE | TAPE / processor Progream.

A7 He

OPER INIT

If a run is to be used for a check-
out only, then put the A7 up in
the "WORK" column of the "INPUT
TAPE" 1list and do not include a
"SAVE" request.

¥
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GENERAL DYNAMICS CONVAIR 056

TAPE ASSIGNMENTS,
DOWN TRANSLATION AND CALLING PROGRAM

TAPE TAPE TAPE TAPE NO, OF MACHINE » TAPE
UNIT LABEL MODE DENSITY FILES FUNCTION CONTENTS
A2 SYSIN1I MIXED 1 INPUT PROGRAM AND DATA,
A7 DNS 8Cu HI 1 SAVE CONVERTED (CODED) TIMES
(SYSCK1) EQUATIONS» AND DICTIONARY.,
CAN BE PRINTED OR PUNCHED.
B(l) TIMES BIN HI 1 UTILITY STORAGE FOR THE TIMES.
(Be)
SYSOUl BCD 1 PRINT PRINT OUT OF INPUTSe AND

CULLED AND CODED INPUTS.
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DNS DOwiv TRANSLATION AND CyULLING PROGRAM DESCRIPTION

PURPOSE. GIVEN A SET OF VARIABLE TIME CARUS AND EGUATION CARDS DEFINING
A MODEL FOR DISCRETE NETWORK SYSTEM SIMULATION

1) TRANSLATE THE ORIGINAL VARIABLE NAME OF 1-30 CHARACTERS IN
LENGTH (THIS REPRESENTS PROGRAM CAPACITY.» THE NORMAL
STANUDARD IS 1-24 CHARACTERS OR LESS IN LENGTH) TO AN ARBITRARY
SIMULATION MODEL NAME OF 3 CHARACTERS IN LENGTH.,

2) DOWNTRANSLATE THE LOGIC EQUATIONS USING THE NEW ARBITRARY
3 CHARACTER VARIABLE NAMES: AND
ELIMINATE INACTIVE VARIABLES FROM THE EQUATION (DEFINED AS
INACTIVE OR SIMPLY NOT PRESENT IN THE TIME CARD DECK).

3) CREATE A MOUEL TAPE IN THE ONS PREPKOCESSOR INPUT FORMAT,
INCLUDING A REFERENCE DICTIONARY OF ORIGINAL NAMES TO NEW
NAMES,

METHOU, THE SEQUENCE OF UTC PROCESSING IS AS FOLLOWS...

As INPUT TIME CARDS
1. STORE EXTERNAL NAME IN EXTERNAL NAME TABLE AND CODE NAME
Ivn INTERNAL NAME TABLE,

2¢ PLACE TIMESe CARD IDENTIFICATIONS» AND INTERNAL NAME ON
MeOLARY TAPE,

Be EQUATIUN PROCESSING

1+« SET UP NAMc OPERATION TABLE SKELETON,
2« CODE OPERATIONS,

Ce CULLING PROCESSING
1¢ CONDENSE THE EQUATION ELIMINATING INACTIVE VARIABLE NAMES»
AND CARRY NOT (/) SYMBOLS LINTO SUCCEEDING OPERATORS OK NAMES,
2+ EVALUATE EXPRESSIONS INSIDE PARENTHESES ()» ELIMINATING
() wHEN IT BECOMES EMPTY OR WHEN ONLY ONE VARIABLE IS LEFT
(CAKRY NOTS TO THE ONE VARIABLE),
3+ RECUNDENSE THE EQUATION ELIMINATING EQUATION ELEMENTS REDUCED
TG ERU BY STEP 2.
4o ELIMINATE KEDUNDANT OPERATORS AND KESTORE PARENTHESIS CODES
BACK TO ORIGINAL FORM,

Do EWUATION QUTPUT FOR MODEL,
£e CREATE DICTIONARY ANU OUTPUT TO MODEL TAPE.

DECK SETUP. THE DECK SETUP GIVEN BELOW WILL BE USEFUL TO PRODUCTION PERSONNEL
AS wellk AS PROVIDING CLARIFICATION FOR METHOD,
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CARD COLUMNS
00000U000111111111122222222223333333333444444444455555555556666666666777
123450789012345678901234567890123456789012345678901234567890123456789012

$SETUP CK2 DNSePRINT»SAVE (SAVE THE NEwW MODEL TAPE FOR THE PREPROCESSOR)
SEXECUTE 18408 (REFERENCE MONITER UNDER IBSYS)
$1BJOb GOvDLOGIC)MAP»FILES/NOSOURCE (MONITER OPTIONS)

$1BLDKR DCTUNS

(MAIN PRQGRAM AND URIVER TO SUBROUTINE USAGE)
$DKEND UDCTDNS

$1BLDK TIMCRD
(PROCESS TIME CARDSese
1, REAU MODEL TIME CARDS FROM SYSIN1.
2. DELETE INACTIVE VARIABLES AND CREATE TABLES FOR EXTERNAL NAME
TO INTERNAL NAME TRANSLATION AND SEARCH,
3. CREATE INTERMEDIATE TIME TAPL. )
SOKENU TIMCRD

$1BLDR EQUAX
(READING OF EQUATION CARDS AND INITIAL SETUP.e.
1., READ EQUATION CARD AND PRINT IT OUT» PLACE ANY COMMENT CARD
IMMEDIATELY ON 'DNS' MODEL TAPE.,
2. PROCESS THE EQUATION IDENTIFYING EACH OPERATOR AND NAME s
AND CREATING A SKELETON TABLE FOR THE EQUATION,
3, CHECK FOK ILLEGAL CHARACTERS, IF FOUND DELETE THE EQUATION.
4o MAINTAIN CARU IDS (COLS, 73=80) FOR CARRY OVER TO CuLL AND
TRANSLATION PRINT OUT. )
BOKENU EQUAX

$1BLDK CULLG
(ELIMINATION OF INACTIVE VARIABLES,..
1. ELIMINATE INACTIVE VARIABLES,
2, ELIMINATE REUUNDANT/USELESS PARENTHESES,
3, ELIMINATE USELESS OPERATORS, )
$DKENU CULLG

$IBLDK FINPRT
(THIS ROUTINE INCLUDES 'CULPRT' AND 'TRAPRT',
CULPRT PRINTS OUT THE CULLED ORIGINAL EQUATION,
TRAPRT PRINTS OUT THE TRANSLATED EQUATION ON THE OUTPUT TAPL

AND ALSO PUT IT On THE TAPE INTENDED FOR PREPROCESSOR INPUT, )
SUKENU FINPRT

$IBLDR UlICTR
(ENTRY DICTR=READ INTERMEDIARY TIMES TAPE. WRITE STANDARD DNS
MODEL TAPE WITH TRANSLATEU NAMES AND TIMES.
PRINT SYSTEM OUTPUT TAPE WITH TIME CARDS AND THE
TRANSLATED NAME, ORIGINAL NAME AND TIMES,



ENTRY
$OKEND DICTR

$IBLDR TRANL

GENERAL DYNAMICS CONVAIR

CICME~-PRODUCE DICTIONARY FILE FOR THE MODEL TAPE.)

(PRODUCE AN INTERNAL NAME FROM AN EXTERNAL NAME,)

SUKENU TRANL
$IBLDR MDINP

(READ
SDKENU MDINP

$IBLDR TIMPRT
(PRINT
SUKENU TIMPRT

$IBLDOK EQUPRT
(PRINT

INPUT FROM SYSTEM INPUT TAPE,)

TIME CARD ON SYSTEM OUTPUT.)

ON SYSTEM OUTPUT THE PROCESSED EQUATIONS, .ORIGINAL, CULLED»

AND TRANSLATED. )

SDKEND EQUPRT

$IBLDR MESSHSAG
{PRINT
PRINT
BSOKENWL MESSAG

$1BLDR TAPLS
(eNTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

SODKEND TAPES

SENTRY DCTDNS

BSDATA

MESSAGES FOR TERMINATION OF EACH SECTION,
MESSAGES FOR IRRECOVERABLE ERRORS, )

TMTAPE=wRITEZ MEDIARY TIMES TAPE ('TIMES').

TMTEOF=-wRITE EOF AND REWIND TIMES TAPE.,

MDOUT =wRITE B8CD IMAGES ON STANDARD MODEL TAPE ('DNS').
MDEOF =-wRITt EOF ON 'DNS?,

INTIM =READ MEDIARY TIMES TAPE ('TIMES'),

TAPEN =OPEN *'TIMES' AND *'DNS' TAPES. )

(TRANSFER OF CONTROL CARD FOR THE LOADER.)
(END OF PROGRAM LOAD,)

ooot.iocoTIMES CARD DATA CARDS..CQ...O.

%

sevvens e s EQUATIONS DATA CARDSveessv0sns

$

TAPES. SYSIN1 CONTAINS THE ORIGINAL TIME CARDS AND EQUATIONS.,

8(1) IS A SCRATCH TAPE FOR TEMPORARY STORAGE OF THE TIMES.
('TIMES")
SYSCK1 IS A TAPE PRODUCED BY THE PROGRAM INTENDED AS INPUT

059
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INPUTS,

l.

o

S

e

FORMATS OF THE

GENERAL DYNAMICS CONVAIR

TO THE DNS PREPROCESSOR PROGRAM,

(*ONS?Y)

IS THE PRINT TAPE RECORDING ALL INPUT AND TRANSLATICN
INFORMATION,

INPUT DATA IS AS FOLLOWS.,.

TIME CARDS

COLS. 1-36 VARIABLE NAME, LEFT=-JUSTIFIED TO COLUMN 1,
cEMBEDDED BLANKS ARE NOT PERMITTED» AND ONLY
THE CHARACTERS A=Z, DIGITS 0-9. AND THE
APOSTROPHE (') ARE ALLOWED IN A NAME,

COLS, 37=72 TIME FIELDS IN THE PREPROCESSOR FORMAT BUT
wITH TIME FIELD 1 IN 37=42
wITH TIME FIELD 2 IN 43-=48
wITH TIME FIELD 3 IN 4954
wITH TIME FIELD 4 IN 55-60
wITH TIME FIELD 5 IN 61-66
wITH TIME FIEL 6 IN e7=72

COLS. 73-80 CARD IDENTIFICATION, IF COLUMN 73 CONTAINS AN
'*I' THE VARIABLE IS CONSIDERED INACTIVE AND IS

1GNORED,

THE ONLY RESTRICTION IS THE NUMBER OF VARIABLES WHICH CAN BE
STURED IN 2U»000 WORDS OF ALLOCATED MEMORY, LIMITS ARE DEFINED
AS FOLLOWED, ..

2 * (NUMBER OF
(NUMBER OF
{NUMBER OF
(NUMBER OF
(NUMBER OF NAMES
(NUMBER OF NAMES
LESS THAN 20,000,

NAMES
NAMES
NAMES
NAMES

BETWEEN 1
BETWELEN 7
BETWEEN 13
BETWEEN 19
BETWEEN 25
BETWEEN 31

AND o
AND 12
AND 18
AND 24
AND 30
AND 3o

CHARACTERS)
CHARACTERS)
CHARACTERS)
CHARACTERS)
CHARACTERS)
CHARACTERS)

+ + + +
~NO U FOGN
* O ® *

»*

+
MUST BE

EGUATION CARDS

THE LQUATION CARDS ARE IN A FREE=-FIELD FORMAT, IN COLUMNS

1=72, wHILE COLS. 73=80 ARE RESERVED FOR IDENTIFICATION,
THERe MAY BE NO MOKE THAN ONE EQUATION PER CARD,
% CARD

THESE CARDS 'S{GNAL THE END OF THE TIME CARDS AND THE EQUATION
CARDS, THE $ IS IN COLUMN 1, COLUMNS 2«6 MAY BE BLANK:» BUT
THE REST OF THE CAKRD MAY CONTAIN ANY TEXT.

* CARDS

060
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OuUTPUT, TH
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GENERAL DYNAMICS CONVAIR

CARDS WITH AN ASTERISK IN COLUMN 1 MAY BE PLACED ANYWHERE
IN THE EQUATION DECK AND WILL BE TREATED AS COMMENTS. NO

DATA CARD SHOULD CONTAIN AN ASTERISK IN COLUMN 1 AND SUCH
CARDS MAY NOT BE PLACED IN THE TIME CARD SECTION,

ERE ARE TWO CLASSES OF OUTPUT..

PRINTED OUTPUT (SYSOULl)=DT+C PROGRAM ACTIVITY

THE TIME CARDS ARE LISTED WITH THE TRANSLATED NAME,» THE ORIGINAL

NAME, TIME FIELDSe AND ID IN THAT ORDER PER LINE,

EQUATION CARDS ARE PRINTED ON LINES FLAGGED WITH ASTERISKS
AS FOLLOWSess
* ORIGINAL CARD
*x CULLED ORIGINAL CARDS
#%x CULLED AND TRANSLATED EQUATION
**%x%x ERROR MESSAGES IF ANY

*ONS* QUTPUT TAPE (FOR PREPROCESSOR INPUT)

THE TAPE IS IN 3CD MODE, 14 WORDS/RECORDs AND APPEARS AS
FOLLUWS e

CHARACTERS
000000000111111111122222222223
1234567890123456789012345678%Usvevc s

*TIMES

eetseeseses TIME DATA CARDS IN PREPROCESSOR FORMATecososcee
+END TIMES

*EQUATIONS

.o'.o.o...EQUATION DATA CARDSseevsepeer
*END EQUATIONS

*NAMES

ot'-oo--n.DICTIONARY UATA CARDS..--....
*END NAMES

*3359%

ENC=0F=FILE MARK ON TAPE
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PROGRAM SPECIFICATIONS, PREPROCESSOR EDITOR PROGRAM

TIVLE. DISCRETE NETWORK SYSTEM PREPROCESSOR EDITOR PROGRAM

ACKONYM, . PEP

AUTHOR, sM,A¢ OPAL AND J., Rs LOGANy GENERAL DYNAMICS CONVAIR

DATE + OCTOBER,» 1965

MACHINE REQUIRED,+IBM 7090¢ 7094, DCS=7044=7094%

OPERATING SYSTEM,.IBSYS

MONITER SYSTEM, .FORTRAN II VERSION 3

LAWGUAGE ., s FAP (FORTRAN ASSEMBLY PROGRAM)

MACHINE REWUIREMENTS,s5 TAPE UNITS» 1 ON=LINE PRINTERy» 2 CHANNELS
IN GENERAL THE PROGRAM IS RESTRICTED 8Y THE LIMITATIONS OF THE
PREPROCESSCR,
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INSTALLATION DECK SETUPr THE PREPROCESSOR EDITOR

TO SUBMIT A COMPUTER RUN TO THE MSFC COMPUTATION LABORATORY
THE FOLLOWING CECK SETUP IS REQUIREDs. s

CARD COLUMNS
00000U0VU11111111112222222222333333333344444444445555555555666666666677777777
12345078901234567890123456789012345678901234567890123456789012345678901234567

$J0B NASA=J,R,LOGAN 1650670+ 03,129 I2FE LOGANS BIN
SATTACH Al

$AS SYSUT3HI

$SATTACH A6

$AS SYSLB3sHI

$PAUSE READY TAPES

$EXECUTE FORTRAN

R EOF (7-8 PUNCHELD IN COLUMN 1)

* NASA=J (R, LOGAN 1650670003912 I2FE LOGANS BIN
* XEQ

eesoevesssos BINARY DECKyeveooosooass

* DATA

eeseevenvereDATA CONTROL CARDSesscesevrens
*53B%D (LAST CARD OF DATA DECK)

A PROPERLY FILLED OuUT OPERATOR INSTRUCTION CARD WITH THE NECESSARY
SAVE AND PRINT LABELS wILL ACCOMPANY THE PROGRAM DECK.,
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' / PREPROCESSOR EDITOR PROGRAM INSTRUCTION CARDS
7094-._ INSTRUCTION CARD
. PROSRAMNER| (9 G, 3 AJ ionlz.lcooz STACK 3
\.oﬁmﬁn: AN B{U Jos ¥ (I sObL l@
IF EXCEEDS MAX: STR O INPUT TAPES |wonx
sT20 oweO mersys @ |LOSK |AEEL NO. [DEW. [Lo®K
/)(, Xxyyw |
ESTIMATED TIME s
HOURS mNUTES O
MAXIMUM TIME S/
HOURS MINUTES .3
FASTTAPES A B C- O
PROSRAMMER COMMENTS :
B(’ To PATE CREATED
INPUT [J[UTILITY TAPE LABEL
2issys | O(cicommLe 17 ~ " "
famn gmRL, few PRINT (| DENSITY 257 & foer ey
O(P) PUNCH PUNCH D FC - Form 341-3 (July 1964 OF
Lol REEL NUMBER || NOJUNIT l ICREATED ON OPERATOR
‘ O (91 FTAN IX | Oipraar Titp
a (:)):I?r' = 0(3;:: # PROGRAMMER FILES| CYS SEQUENCE #
_8_:_;,’:5:;. 1 L.OGAN I 1 ¢
2
3
4
O rwa S
D SEE ON-LINE 6
O s£e TECHMmQUES 17

O MAX. EXCEEDED
0O RETURN TO SY8.

om‘m” Sstandsrd Print Tape for Preprocessor Editor
OUTPUT TAPES ONLY 4020

REEL NO. LOGIC DEN.| UNIT |[NO. OF CPYS| SAVE | TAPE

| PRIV
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TAPE ASSIGNMENTSs THE PREPROCESSOR EDITOR

TAPE TAPE TAPE TAPE NO, OF MACHINE TAPE

UNIT LABEL MODE DENSITY FILES FUNCTION CONTENTS

A2 P MIXED 1 INPUT PROGRAM AND DATA,

Ay v BINARY HI 1 UTILITY MEDIARY FOR xINDEX FULL.,

STORAGE FOR THE BINARY
VARIABLE=TERMINAL MATRXY.,

Ab BMD BINARY HI 10/11 LOAD BINARY MODEL TAPE FROM
THE PREPROCESSOR PROGRAM.

Bé €] BCD HI 1 PRINT PRINT OUT OF THE
REFERENCE TABLES.,



PURPOSE,

METHOL ,

GENERAL DYNAMICS CONVAIR

DNS PREPROCESSOR EDITOR PROGRAM DESCRIPTION

THE PREPROCESSOR EDITOR PROGRAM READS THE BINARY MODEL TAPE.

OUTPUT FROM THE UNS PREPROCESSOR PROGRAM AND PRINTS OQUT SPECIFIED

REFERENCE TABLES ON DEMAND FROM CONTROL CARDS. THESE REFERENCE
TABLES PROVIDE OESCRIPTIONS OF THE VARIABLE INTERDEPENDENCIES
IN A ONS MODEL,

THERE ARE THREE OPTIONS AVAILABLE FROM THIS PROGRAM, THE PROGRAM
READS IN THE *NAME'» 'EQUATION', *INDIRECT'» AND *DIRECT' TABLES
FROM THe BINARY MODEL TAPE. ALL REFERENCES USE THE 'NAMES®' AS
SEEN BY THE PREPROCESSOR. NO SYNONYM CAPABILITY IS PRESENT AT
THIS TIME.

THREE OUTPUT OPTIONS ARE AVAILABLE,» EACH GOVERNED BY A CONTROL
CARD. LY

1) xINDeX

THIS CONTROL CARU PRODUCES TWO REFERENCE LISTS. THE FIRST LIST
IS AN ALPHABETICAL LISTING OF ALL VARIABLES, THEIR CORRESPONDING
INTERNAL CODE NUMBERS» AND VARIASBLE TYPE, THERE ARE FIVE BASIC
VARTABLE TYPES, s

INITIATOR=DEFINED ONLY ON THE RIGHT HAND SIDE OF AN EQUATION

TRANSACTOR=-USED ON LEFT AND RIGHT HAND SIDES OF DIFFERENT
EQUATIONS,

TERMINAL=-USED ONLY ON THE LEFT HAND SIDE OF AN EQUATION

SELF=-REFERENCING TRANSACTOR=A VARIABLE USED IN ITS OwN EQUATION

AND USED IN OTHER EQUATIONS ALSO
(EeGor A =B x /A,
C=D+ A, )
SELF=REFERENCING TERMINAL=A VARIABLE USED IN ITS OWN EQUATION
ONL Y

THE SLCOND LIST IS CALLED THE VARIABLE REFERENCE TABLE AND 1T
DISPLAYS THE USE OF EVERY VARIABLE IN EACH FUNCTION. IN THE
PRINT OUT EVERY VARIABLE NAME IS FOLLOWED BY A LIST OF THE
FUNCTIONS IN WHICH IT OCCURS.

2) *INDEX FULL

THIS CARD CAUSES FOUR REFERENCE TABLES TO BE PRINTEDes.
ALFHABETICAL LIST OF VARIABLES=AS ABOVE,
VARIABLE=TERMINAL TABLE=THIS TABLE IS PRODUCED BY PRINTING
OUT A MATRIX FORMED BY A DETAILED ANALYSIS OF THE VARIABLE
INTERDEPENDENCY TREES. THE MATRIX IS BUILT BY TRACING THE

065
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DEPENDENCY OF EACH TERMINAL ON ITS VARIABLES TO THE RELEVANT
INITIATORS, EACH VARIABLE NAME IS THEN PRINTED FOLLOWED BY A
LIST OF THE TERMINALS TO WHICH IT REFERS,

TERMINAL=-VARIABLE TABLE=-THE MATRIX IS THEN INVERTED AND
EACH TERMINAL NAME IS PRINTED FOLLOWED BY A LIST OF ALL VARIABLES
WHICH ARE RELATED TO IT IN ANY WAY,

VAKIABLE REFERENCE TABLE=AS IN 1) ABOVE,

3) *INDEX LOGIC

THIS CONTROL CARD CAUSES PRINTING OF THE VARIABLE=-TERMINAL TABLE
AND THE TERMINAL-VARIABLE ONLY.

INPUT. THERE ARE FIVE CARDS WHICH CAN BE INPUT TO THIS PROGRAM,,.

1) COMMENT CARD
FORMAT. COL, 1= 6 x
CoL, 7-80 TEXT
USAGE, THIS CARD TYPE MAY BE USED TO COMMENT THE RUN.
IT witlL BE REPRODUCED ON OUTPUT,

2) INLEX CARD
FOKMAT, COL, 1-12 *INDEX
CoL, 13=-80 TEXT
USAGE., SEE CARD TYPE 1 UNDER METHOD,

3) INLEX FulL CARD
FOEMAT, COL. 1=12 =*INDEX FULL
COoL, 13=-80 TEXT
USAGE ., SEE CARD TYPE 2 UNDER METHOD,

4) INCEX LOGIC CARD
FOKMAT, COL, 1=12 *INDEX LOGIC
COL, 13-80 TEXT
USAGe. SEE CARD TYPE 3 UNDER METHOUD.

5) TERMINATION CARD
FOPMAT, COL, 1= 6 *3$$%$%
CoL, 7=-80 TEXT
USAGE. TERMINATES THE RUN,
ONLY ONE OF 2)y» 39)» OR 4) SHOULD BE USED, UNDER FORMAT THE
wWORD TEXT MEANS THAT ANY COMMENT MAY BE wRITTEN,
TAPE USAGE.

TAPE NO., MODE DeNSITY FILES CONTENTS



TIMING,

A2
Al
A6
Bé
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MIXED 1 PROGRAM AND DATA

BIN HI 1 MEDIARY FOR BINARY MATRIX TAPt
BIN HI 10711 BINARY MODEL TAPE

s8CD HI 1 PRINT OUTY

SYSTEM ACCOUNTING wILL APPEAR ON A3,

PROGRAM RUN TIME FOR OPTION 1 IS 1-5 MINUTES DEPENDING ON MODEL
SIZE. RUN TIME IS5 INCREASED APPRECIABLY FOR OPTIONS 2 AND 3,
A NOMINAL CASE FOR A STRAIGHTFORWARD MODEL OF SAY 1000 VARIABLES
WILL RUN FOR 4-6 MINUTES ON THE INDEX LOGIC OPTION FOR 20-30

TERMINALS,

VARTABLES) SHOULD BE SPARING,

USE OF THIS PROGRAM FOR LARGE MODELS (ABOVE 1500



